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PREFACE 

TO 

THE  FIFTH  EDITION. 


In  revising  this  book  for  the  Fifth  edition,  I  have  endeavoured, 
while  making  additions  wherever  they  seemed  to  be  necessary, 
to  keep  within  the  original  design  of  the  work  as  laid  down  by 
my  father  in  the  Preface  to  the  First  edition. 

The  advances  made  in  the  knowledge  of  particular  minerals, 
and  of  their  distribution  throughout  the  globe,  as  well  as  in  the 
adaptation  of  processes  and  machinery  for  the  treatment  of 
ores,  since  the  book  was  first  written,  have  necessitated  the 
insertion  of  much  additional  matter,  increasing  the  volume  by 
nearly  loo  pages.  Thus,  recent  experiences  of  the  Treatment 
of  Refractory  Gold  Ores,  and  the  later  development  of  the 
processes  of  Concentration  and  Chlorination,  have  been  fully 
noticed ;  while  (besides  the  enlargement  of  existing  chapters) 
two  new  chapters — on  the  Treatment  of  Zinciferous  Ores  and 
the  Sale  apd  Sampling  of  Lead  Ores — have  been  added. 
About  twenty  new  illustrations  are  also  given.  I  trust  that 
these  new  features  will  be  found  to  enhance  substantially  the 
value  and  utility  of  the  work. 
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The  new  matter  above  described  is  derived  largely  from 
my  own  experience.  I  am,  however,  indebted  to  my  friend 
Mr.  Philip  Argall,  M.E.,  of  Denver,  for  much  of  the  in- 
formation relative  to  the  treatment  of  zinciferous  ores  in 
Colorado,  and  to  several  firms  of  manufacturers  for  permission 
to  use  drawings  of  their  machinery. 

The  continued  demand  for  this  book  encourages  me  to 
believe  that  it  has  been  in  the  past  of  real  service  to  those 
engaged  in  mining,  and  to  hope  that  its  field  of  usefulness  is 
still  increasing. 

E.  Henry  Davies. 

206  Gresham  House, 

Old  Broad  Street,  London,  E.C. 


PREFACE 

TO 

THE   FIRST    EDITION. 


This  book  is  designed  to  describe,  in  a  concise  and  systematic 
manner,  the  conditions  under  which  metals  and  metallic  ores 
are  found  in  the  different  countries  of  the  world. 

It  is  hoped  that  such  a  description  will  serve,  first,  to  ex- 
plain to  some  extent  the  origin  of  deposits  of  metalliferous 
minerals ;  and,  secondly,  by  defining  the  zones  occupied  by  the 
various  metallic  ores,  to  lessen  somewhat  the  amount  of  un- 
successful search  for  thenL 

My  hope  is  that  by  the  data  given,  together  with  the  figures, 
quantities,  and  results  contained  in  the  book,  the  commercial 
conditions  of  mining  success  may  be  better  defined. 

The  books  referred  to  in  the  following  pages  show  that 
there  is  no  lack  of  mining  literature,  much  of  which  is  of  a 
high  order.  Still,  other  persons  may  have  felt,  with  myself,  the 
want  of  a  book  covering  the  ground  and  fulfilling  the  purpose 
and  plan  of  this  volume.  My  endeavour  in  writing  it  has  been 
to  illustrate  great  principles  by  a  sufficiency  of  representative 
details,  and  to  refei  the  reader  to  sources  where  additional 
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illustration,  as  well  as  the  enumeration  of  the  minuter  details 
of  mining,  may  be  found. 

The  explanations  of  scientific  and  of  mining  terms  which 
are  appended  will,  I  hope,  facilitate  to  ordinary  readers  the 
comprehension  of  the  whole  of  the  matters  treated  of. 

The  illustrations  have  been  prepared  by  my  son,  Mr.  K 
Henry  Davies,  and  my  thanks  are  due  to  him  for  his  willing 
and  efficient  co-operation. 

My  sincere  wish  is  that  this  book  may  prove  of  real  service 
to  all  those  who  are  engaged  in  a  profession  which  is  as 
honourable  when  honestly  followed  as  it  is  arduous  and 
difficult  in  oractice. 

D.  C.  Davies. 
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Thts^  tltnjtzls.  w:±  their  comli'inadons,  are  distinguishable 
in  a  variety  of  ira}  s,  the  prl::c:p2]  of  which  znij  be  summarised 
thus  : — 

xst  By  their  speci5c  gra\-:ty  or  their  relati^Te  weight  to  that 
of  an  equal  bulk  of  water.  For  example — a  cubic  foot  of  iron 
is  se^'en  times  heavier  than  a  cubic  foot  of  water,  its  specific 
gravity  is  therefore  described  as  G  (or  gravity) =7. 

2nd.  By  their  degrees  of  hardness,  as  compared  with  a 
g^ven  standard  or  gradation  of  substances.  This  gradation 
consists  of  the  folloi^ing  substances,  beginning  with  the  softest 
and  ending  with  the  hardest : — 


1.  Talc. 

2.  Kock  Salt. 

5.  Calcareous  Spar. 

4.  Floor  Spar. 

5,  Apatite. 


6.  Adnlaria  Felspar. 

7.  RockCrystaL 

8.  Prismatic  Topaz. 

9.  Corundum. 
ID.  The  Diamond. 


Taking  copper  as  an  example,  its  hardness,  \'ar}*ing  from  that 
of  rock  salt  to  that  of  calcareous  spar,  is  described  as  H  (or 
hardness)  2.5  ...3. 

3rd.  By  their  appearance  and  by  their  degrees  of  opaque- 
ness or  transparency :  thus,  quartz  is  described  as  *  lustre 
vitreous  inclining  to  resinous,  transparent  or  translucent,  some- 
times almost  opaque.' 

4th.  By  their  colour,  and  the  results  yielded  by  them  when 
tested  under  the  blow-pipe.  These  properties  are  described  in 
each  case  in  words  and  not  by  signs. 


CHAFACTERISTICS  OF  MINERALS.  3 

5th.  In  the  case  of  compound  minerals,  by  their  chemical 
composition,  the  study  of  which  forms  the  basis  of  the  science 
of  Chemistry.  A  brief  description  of  the  compound  minerals 
mentioned  in  the  following  pages,  and  which  are  not  particu- 
larly described  in  the  text,  is  given  at  the  end  of  the  book. 

6th.  By  their  tenacity,  ductility,  brittieness,  and  various 
fractural  results.  Thus  gold  is  described  as  '  remarkably  ductile 
and  malleable,'  and  mercury  as  *  wholly  volatile.* 

7th.  By  the  shapes  they  assume,  or  into  which  they  crystal- 
lise when  they  have  space  and  opportunity  to  do  so.  For  it  is 
found  that  each  substance  crystallises  into  one  or  two  central 
fonns,  which  have  divergent  but  related  variations  in  shape. 
Thus  the  primary  form  of  felspar  is  a  rhomboid,  and  that  of 
quartz  a  six-sided  prism  ending  in  a  pyramid.  The  science  by 
which  the  shapes  and  internal  structure  assumed  by  minerals 
is  studied  and  classified  is  called  Crystallography,  and  it  is  a 
science  which,  from  the  combination  of  geometrical  terms  it 
employs,  as  well  as  from  the  almost  innumerable  divergences 
of  substances  from  their  central  forms,  is  difficult  to  master. 

8th.  By  their  taste,  as  acid,  sweet,  etc. 

9th.  By  their  odour,  as  pungent,  etc. ;  and 

loth.  By  their  solubility  or  otherwise  when  treated  by  acids. 

The  whole  study  of  minerals  by  their  characteristics  is 
known  as  the  science  of  Mineralogy,  and  the  reader  who  desires 
to  pursue  the  description  of  them  further  than  is  necessary  for 
the  purposes  of  this  book,  may  consult  the  following  works  : — 
Nicols'  Mineralogy  \  Dana's  Mineralogy ;  or  the  more  modem 
elementary  book.  Rudiments  of  Mineralogy ^  by  A.  Ramsay,  jun.* 

The  sixty-three  elementary  substances  may  be  broadly  sub^ 
divided  thus  :  Metals,  forty-eight ;  Non-metals,  fifteen.  Of  the 
latter,  fi^^  are  gases.  Of  the  whole  sixty-three,  many  of  them 
are  of  very  rare  occurrence  in  nature,  the  bulk  of  the  solid  sur- 
face of  the  earth  being  made  up  for  the  most  part  of  the  five 
gases  and  the  non- metallic  minerals,  oxygen  and  silicon  being 
the  preponderating  substances. 

I  Crosby  Lockwood  and  Son. 
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It  is  with  the  metallic  minerals  we  have  now  chiefly  to  do, 
and  I  select  from  among  them  for  description  in  this  book,  on 
account  of  their  utility  in  ordinary  life,  the  following  which  in 
the  foregoing  list  are  printed  in  capitals — 


Gold 

Silver 
Platinum 
Iridium 
Palladium 


As  the  noble  metals. 


Copper 

Tin 

Lead 

Zinc 

Iron 

Nickel 

Mercury 

Bismuth 

Tellurium 


As  the  useful  metalst 


These  metalliferous  minerals  occur  in  nature  in  two  distinct 
forms  : — ist  Native,  when  they  are  found  unalloyed  with  o/her 
and  especially  non-metallic  substances,  and  are  therefore  pure 
and  ready  for  use.  2nd.  Mineralised,  or  associated  with  other 
minerals,  and  in  combination  with  the  gases  or  earthy  admix- 
tures. As  we  shall  see,  the  latter,  except  in  the  case  of  the 
noble  metals,  is  the  common  mode  of  occurrence.  In  this 
state  they  are  known  as  'ores,*  which  are  still  further  distin- 
guished by  the  prevailing  ingredient  of  the  mixture.  For 
example,  when  metals  are  mixed  chiefly  with  oxygen,  they  are 
called  *  oxides  ; '  when  with  the  abundant  mineral  sulphur,  '  sul- 
phides ; '  and  when  with  chlorine,  'chlorides ; '  all  of  which,  with 
other  combinations,  we  uhsM  have  to  consider  more  particularly 
as  we  proceed. 

The  metallic  minerals  are  of  course  found  in  the  midst  of 
the  rocks,  or  strata,  which  form  that  part  of  the  earth  ^ith  which 
we  are  most  familiar — its  surface.  The  following  table  gives  a 
list  of  these  strata  in  the  order  in  which  they  lie  upon  each 
other,  and  of  the  names  by  which  the  different  groups  of  them 


CLASSIFICATION  OF  STRATA. 


5 


Table  of  Strata. 


Recent. 

Post  Pliocene. 
Newbs  Puocene. 
Older  Pliocene. 
Miocene. 
Eocene. 


"^Cretaceous 


< 

O 
CJ 
U] 
«/3 

^' 

o 
u 
o 
o 

CO 

71 


Wbalobn 


OOUTB. 


f  Upper 
Middle 


Lias 


^Trias 


/Pbruian 


< 

u 

°\ 

o 

N 

o 


'Upper     . 
Middle    . 

,  Lower     • 
Coa  IFormation 


Carboniferous 
Series 


Lower,  MuUU,  ami  U//er 
rChalk. 

Upper  Greensand. 

Gaulu 
,  Lower  Greea^and. 

J  Wealden. 

i  Purbeck  Beds. 

f  Portland  Oolite. 
1  Kimmeridge  Clay. 
(Coral  Rag. 
\  Oxford  Clay. 
'Combtash. 

Forest  Marble. 

Bath  or  Great  Oolite. 

Stone&field  Slate. 

,  Inferior  Oolite. 

(XJpper  Lias. 
Marlstone. 
Lower  Lias. 

(Rhaetic  Beds. 
Keuper(NewRedMarIX 
Burner  (New  Red  Sandstone). 

Dark  Red  Sandstones  and  Marls. 

Magnesian  Limestones  and  Marls. 

f  Conglomerates,  Breccias,  and  R«d 
t     Marls. 

I  Upper  Coal  Measures. 

•1  MXC  " 


Carboniferous  or  Moun- 
tain Limestone 


Devonian  (Old) 
Red       Sand-  I-  Devonian  Beds 


stonk) 


iddle  Coal  Measures. 
\  Lower  Coal  Measures. 

Millstone  Grit. 

(Limestone  and  Shales. 
Carboniferous  Limestone. 
Calcareous  Sandstone. 

(Upper  Devonian. 
Middle  Devonian. 
Lower  Devonian. 

/Tilestones. 
I  Upper  Ludlow  Beds. 
Aymestry  Limestones. 
'  Silurian,  or  Upper  Silu- J  Lower  Ludlow  Beds. 


nan 


\ 


Bozoic. 


Cambro,  or  Lower 
>    rian 


Cambrian 


Silu- 


kLaurentiao 


Wenlock  and  Woolhope  Limestonea. 
Denbigh  Grits  and  Wenlock  Shale. 
Tarannon  Shale. 
VUpper  Llandovery. 

t  Lower  Llandovery. 

Bala  and  Caradoc  Beds. 

Llandeilo  Beds. 
^Arenig  Beds. 

'Tremadoc  Slates. 

Lingula  Fbgs. 

Hariech  and  Llanberis  Slates  and 

Grits. 
^I/mgmynd  Rocks. 

{Fundamental  Gneiss  of  the  North 
West  of  Scotland  and  Laurentiaa 
Rocks  of  Canada. 
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are  known  to  geologists,  according  to  their  age,  theii  fossS' 
contents,  or  the  locality  in  which  they  have  been  most  studied. 

With  the  exception  of  the  metal  iron,  more  rarely  copper, 
and  occasionally  one  of  the  noble  metals,  all  the  metallic 
minerals  we  have  to  consider  are  found  in  the  strata  from  the 
Permian  downwards  The  Laurentian,  the  Cambrian,  the 
Silurian,  the  Devonian,  and  the  Carboniferous  being  their  great 
depositories.  It  follows,  therefore,  that  it  is  only  in  those  places 
where  these  great  groups  of  strata  are  exposed  on  the  surface 
of  the  earth  we  may  expect  to  tind  metallic  ores  and  mines. 

As  a  fact  these  groups  of  strata  make  up  the  great  motmtain 
chains  of  the  world  ;  the  Laurentian  or  the  Cambrian  usually 
forming  the  central  or  basement  mass  of  rock  (see  figs,  20, 37), 
and  the  newer  groups  reposing  in  their  proper  sequence  on 
either  side.  This  arrangement  occurs  with  a  remarkable  un*- 
formity  all  the  world  over. 

Further,  these  great  mountain  chains  will  be  found,  on  con- 
sulting a  map  of  the  world,  to  have,  roughly  speaking,  a  general 
direction  from  NK  to  SW.,  sending  out  spurs  and  branches  in 
other  directions. 

Thus,  to  select  the  principal  examples,  starting  on  the  east 
there  is  the  great  mountain  chain  of  the  Ural,  stretching  from 
the  Arctic  Ocean  on  the  north  to  the  Caspian  Sea  on  the  south, 
and  forming  the  great  mineral  depository  of  Russia.  Nearer, 
there  is  the  range  of  which  the  Oupathian  Mountains  are  the 
southern  termination,  and  which  contains  the  principal  mines 
of  Hungar)'  and  Transylvania.  Then,  there  is  the  great  group 
of  mountains  that  starts  in  Northern  Germany  and  stretches 
down  the  promontory  of  Italy.  This  in  its  northern  course 
contains  the  celebrated  mining  districts  of  the  Hartz  and 
Erzgebirge. 

Next  we  have  the  coast  line  range  of  Norway,  with  its 
many  mineral  deposits,  re -appearing  in  Bretagne.  In  our  own 
country  there  is  the  Pennine  chain,  with  the  lead  mines  of 
Northumberland,  Durham,  York,  and  Derby.  There  is  also 
the  Western  chain,  with  its  ramifications,  reaching  from  the 
Highlands  of  Scotland,  through  the  Isle  of  Man  and  Wales,  to 
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Cornwall,  re-appearing  with  its  rich  mineral  deposits  in  the 
peninsula  of  Spain  and  Portugal 

Crossing  the  Atlantic  we  find  the  Appalachian  chain  of 
mountains,  which,  starling  in  Nova  Scotia,  runs  through  the 
New  England  States,  Pennsylvania  and  the  Carolinas,  re-appear- 
ing on  the  southern  continent  in  the  eastern  metalliferous 
ranges  of  Brazil    Then,  without  noticing  for  the  present  the  \ 
parallel  ridges,  there  is  the  mighty  range  and  network  of  the 
Rocky    Mountains,   which    extend    from    British  Columbia,  » 
through  California,  Utah,  Nevada,  Arizona,  and  Mexico,  and  f 
which  in  the  southern  continent  is  continued  in  the  great  ridges  i 
and  peaks  of  the  Andes.    This  vast  chain  of  mountains  is 
metalliferous  all  along  its  course,  and  is  especially  rich  in  the 
noble  metals.     It  contains  some  cf  the  richest  and  most  mar- 
vellous mineral  deposits  in  the  world. 

Proceeding  towards  Australia  we  find  the  mountain  ranges 
that  run  down  New  Zealand  and  the  eastern  side  of  Australia, 
together  with  the  range  on  the  west  coast,  of  which  as  yet  we 
know  but  little.  Africa,  India,  China,  and  the  Malay  Archi- 
pelago, as  far  as  we  know,  illustrate  the  same  phenomenon. 

It  is  on  these  mountains,  and  in  the  valleys  and  ravines  by 
which  they  are  traversed,  as  well  as  in  the  detritus  which  during 
long  ages  have  accumulated  in  the  hollows  that  furrow  their 
sides,  and  in  the  plains  that  stretch  along  their  feet,  that  we 
shall  find,  as  we  proceed  with  our  inquiries,  all  the  great  deposits 
of  metallic  minerals  in  the  world 


-:   *         '  i 


JS£  7A11 SFIS. .'  I 'S  J/SyiJiAZS^ 


Hcrscs  —  'Zj,iz:tz  Luirj  —  I •--7. Lui-tnn:  ^-"C  Lcds — I>^cs — EItso 
CtiTses— C:c:::"iir::.:=i  if:-::!::;^  'Jsr:  L-i?  cc  Lcdes — Eaitliy  MinenJs 
'-.f  Loi-ii — '3-;s3an,  Tis.:'zj,  O7I:;.  Fryir.  0"=!:^  ^purr,  Fhiauiy  and 

All  kn-jim  dercs:^  cf  neullir.rrus  zzdoerals  inaj  be  com- 
prised within  ±e  fcI.OTrir.T  clissincirion  : — 

.  .  .       z.  SizitI^  dsscrx's  cLir^i  more  or  les  vith  orei« 

,  ,.  . ,   ,  T^*  •  r.  Fisszrs  af.e^imt  ca  dispUceiiiails  of  stntL 
. .-.   Minor  gis::  Tems,  tenmzutmg  in  deptiL 

s.  Smiined  mi:i«nl  deposits. 
' }.  IrKgslajlj  stratified  mineral  deposits. 

2.  Beds,  compriiingor   r.   Deposits  occurring  at  the  phucc  of  contact  of 

subdivided  into      '  two  dissimilar  formations  or  groups  of  rodck 

1 12.  Segregated  and  OTStalliscd  masses  of  OIC 
V.    Flats. 

-    T  .      -r.  r*'*  Pockets. 

3.  Irregular  Depo-    ,    ^        ,  , 

'  ^.   Contact  deposits. 

SITS,     compnsinrr-       -.  ,     r      • 

,,..,,.        ,  r.   rsctwork  of  veins. 


or  sulxlividcd  into  J    * 


Disseminated  ores. 


4.  .Superficial    1,^.  f  I^'-'tnt^I  EoM- 
POSITS,  comprising  J  ■^'"^.'"  ''"• 

or  subdivided  into  I  '!°e-"°"  °;=-     . 

\,  Cupreous  deposits. 

I.  Lodes. 

(a)  Simple  Fissures, — The  word  *lode'  seems  to  be  derived 
from  the  verb  *  to  lead/  and  so  has  the  same  origin  as  loadstone 
or  guiding  stone.   A  lode  in  its  simple  form  is  a  crack  or  fissure^ 
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which  generally  extends  through  the  whole  series  of  strata  to  an 
unknown  deptii,  as  shown  in  fig.  i,  which  illustrates  the  order 
of  strata,  in  the  mineral  district  of  Flintshire,  North  Wales.  The 
lodes  pass  downwards  from  the  carboniferous  limestone  into 
the  underlying  Silurian  strata ;  but,  as  seen  in  the  right-hand 
lode,  they  usually  tenninate  upwards  at  the  base  of  the  coal 
measures,  which  proves  them  to  be  of  older  origin  than  this 
formation.  The  boundaries  of  a  fissure  or  lode  are  called 
'walls,'  or  sides,  the  upper  side  (a  fig.  i)  being  the  'hanging,' 
and  the  under  side  {6)  being  the  '  heading '  side  or  wall 


^ 

^^^ 

8 

K 

^^^ 

^ 

^B 

^^^^ 

„ 

^ 

^ 

^rS-^ 

^ 

Fb.  l— Lodu  IK  Tin  Stkata  or  FuwrsHtiiE,  Nobth  Wales. 

r,  CAIhbfO  at  Lowo-  Silunan   ilalo,    ibjila  pnd  poTphyritic  rocks.     7,  Wnlock  tjul* 

utd  DcDbigti  griu.  Upper  Silurian.    3,  CarbDniferoui  liDiviioDe,  DrTonian  being; 

ibmL    4,  MilboiK  gut.    5,  Cial-iiicuura.    a,  HasginE  ude  of  lode.    j.  Hadini 

•idioflode.    »tv,  ^Triniorlodw  -         "-• 

Fissures  of  this  kind  seem  to  have  been  produced  by  the 
shrinkage  of  the  strata  in  the  process  of  hardening,  or  of  cooling 
down  from  a  heated  condition,  just  as  the  muddy  bottom  of  a 
pool  or  the  surface  of  clay  land  cracks  when  drying  and 
hardening  quickly  under  a  hot  sun. 

Most  fissures  that  are  charged  with  metallic  ores  have  a  ) 
general  east  and  west  direction,  which  varies,  however,  about   i 
forty-five  degrees  on  either  side.    Generally  speaking,  there-   I 
fore,  their  direction  is  at  right  angles  to  the  NR— SW.  direction 
of  the  great  nwunlain  chains  just  described,  and  so  are  found 
to  traverse  the  strata  across,  and  not  along  their  strike.   A  vein 
is  a  small  lode.    Lodes  dip  or  incline  downwards  at  all  angles 
bora  the  horizon,  and  the  lode  is  said  to '  hade '  in  the  direction 
of  its  dipt    This  inclination  has  been  affected  considerably  by 
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the  nature  of  the  strata  the  lodes  have  passed  through.    The 
'rents'   have   been   torn   at   the  weakest  points.     They   are 


usually   more    pcrpendicula 


n 


!ffi 


hard  rock,  and  sloping  in 
shale,  as  seen  in  fig.  14,  which  il- 
lustrates this  uneven  course  of  the 
lodes  of  Durham  and  Northum- 
berland. In  many  cases  the  strata 
appear  to  have  been  elevated  and 
curved  prior  to  the  formation  of 
the  fissure,  so  that  while  il  is  the 
rule  that  the  lode  nms  through 
or  across  the  bedding,  it  not  un- 
frequently  happens  that  the  dip 
of  the  lode  and  bedding  coincides 
'  r  some  distance,  as  seen  in 
_  __  J-  *'  *^'ch  generally  illustrates 
iivMPosiTioHsofLoDBANEST>AT«.  the  modc  of  thc  occufTence  of  the 
A.,i*d..       »B,Smu.  lodgg   j,f  the   Congo  Soco  gold 

mines,  as  more  particularly  described  in  Chapter  VIII. 

(  )  /■  D  p      m         Ad  h     kind  just 

d    crb  d  ta  b  dduig  tm     us  and  un- 

b    k       b  occurs  that 

th    bed  h  side  of  the 

ss        d     n         rrespond  to 
i-ach  th    b  ds  on  the 

d  pying  a  higher 

p  n  se    on    the 

hanging  pp      side  of  the 

d  n        fig.  3,  where 

h    b  d  pposed  to  be 

h    wn     p  five  feet  to 

h        oTth       T       lode    cc, 
h  pa  fissure 

m  d    d       g     d    urbance  of 
the  strata,  which  has  caused  a  displacement  of  the  beds, 
r       Generally  speaking,  great  lines  of  displacement  run  north 
[Olid  south.    They  are  of  more  recent  origin  than  the  east  and 
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west  fissures,  because  they  have  cut  through  and  displaced  the  \ 
latter.    They  are  also,  taken  as  a  whole,  less  metalliferous  than 
the  east  and  west  lodes. 

(f)  Gash  Veins. — These  are  fissures  of  greatei  or  less  width 
at  the  surface,  but  thinning  and  dying  out  in  depth,  as  illus- 
trated in  fig.  57,  of  the  Dolly  Hide  Copper  Mine  in  Maiyland, 
and  fig.  63,  of  a  mine  in  Chili.  These  gash  veins  may  be 
either  simple  surface  cracks 
filled  with  mineral  matter, 
or  fragmentary  j.ortions  of 
\  mineralised  strata  broken 
off  and  thrown  up  on  end. 
The  former  kind  are  known 
by  the  vein  cutting  through 
or  across  the  beds,  the  latter 
by  the  deposit  coinciding  | 
with  the  bedding. 

There  is  a  variety  of  | 
phenomena  connected  v 
the  class  of  lodes  I  have  | 
thus  far  described  that  it  j 
will  now  be  necessary  to  , 
notice. 

Horses  and  Branches.— 
Ofttimes  the  fissure  is  no 
a  clean  crack  from  top  to  '''°MfN^^F™««,S^"«"o"H?««''''iK 
bottom,  but  appears  as  if       Lodi. 

the  two  sides  had  been  torn  ■  ■■„S^'t;|''5^:?SS^"!S^<ro"h,7'J'J;E; 
from  each  other,  and  had  ^^^^<n  '  '°^"^  ""•  '"°'«^'  '^ 
left  shreds  and  patches  of 

their  substance  in  the  midst  of  the  crack.  When  a  large  mass 
of  rock  is  thus  left,  and  the  lode  is  split  into  two,  as  shown  in 
fig.  4,  the  lode  is  said  to  '  horse,'  the  parts  of  the  lode  seldom 
making  up  between  them  the  full  width  of  the  main  crack.  We 
can  also  conceive  how,  after  a  crack  !iad  been  made,  portions 
of  the  sides  would  split  off,  and  falling  into  the  fissure  make 
horses  and  branches.    Again,  the  rent  in  the  strata  would  not 
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always  be  continuous,  but  the  strata  in  places  being  more 
cohesive  than  at  others,  there  would  be  a  number  of  minor 
cracks  following  the  same  direction,  with  portions  of  strata 
dividing  them,  as  shoivn  in  fig.  4.  When  these  ramifications 
were  numerous,  and  covered  a  large  space,  we  should  find  a 
mass  of  rock  traversed  by  a  network  of  veins,  forming  what  the 
Germans  call  a  stockwerk,  like  that  of  Geyer,  illustrated  in 
figs.  67  and  C8,  Chapter  XX.  In  this  case  a  Hue  lode  of 
class  i.  becomes  a  member  of  the  irregular  deposits,  class  iii 

Besides  the  main  fissure,  there  are  usually  associated  with 
it  minor  veins,  which  enter  it  and  cross  it  at  all  angles.  Where 
these  veins  only  penetrate  the  strata  on  one  side,  and  die  out 
at  no  great  distance,  they  are  nothing  more  than  strings  ot 


ifc 


branches.  Where  they  decidedly  cross  it  and  form  a  con- 
tinuous vein  or  lode,  they  are  known  as  'caunter,'or  'contra' 
lodes,  as  explained  in  fig.  5. 

In  following  a  lode  it  is  sometimes  suddenly  lost,  owing  to 
its  displacement  by  a  disturbance  that  has  affected  the  strata 
since  its  formation.  Fig.  6,  which  gives  a  section  of  the  Old 
,  %\'hea!  Agnes  Tin  Mine,  in  Cornwall,  illustrates  this,  aa  are 
faults  which  have  displaced  the  lode  twice. 

Sometimes  this  displacement  is  horizontal,  instead  of  verti- 
cal, as  there  shown.  Fig.  7  represents  a  displacement  of  this 
kind.  A  A  is  the  lode,  b  b  is  the  fault,  and  from  c  to  c  is  the 
amount  of  displacement. 

In  both  cases,  as  might  be  inferred  from  the  direction  in 
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which  the  thrust  has  been,  and  as  is  always  found  hy  experience, 
the  lode  may  be  recovered  by  turning  along  the  obtuse  angle 
of  the  fault 

Strata  are  often  traversed  at  all  angles  by  dykes  or  bands  0/ 
harder  matter,  which  seem  foe  the  most  part  to  have  been 


Fn.  &— S>cnoM  or  St**ta  ih  thb  Pabish  or  St.  Achu,  Coihwali. 
(Scale:  i*3}a  fitbomi.) 

forced  up  cracks  in  a  molten  state  from  the  interior  of  the 
earth,  although  they  may  have  been  formed  by  the  precipitation 
and  consolidation  of  very  hard  material  along  cracks  and  lines 
of  disturbance  in  a  similar  manner  to  the  way  in  which  lodes 


Fia  f.— HoinoHTAL  DtirLACEHiHT  or  Lod& 
have  been  filled.    These  are  known  in  Cornwall  as  elvan 
courses.    Where  such  dykes  are  of  subsequent  origin  to  the 
lodc-s,  they  cut  the  latter  and  displace  them  in  the  way  already 
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shown  in  figs.  6  and  7.  Where  they  are  of  older  date,  the  lodes 
are  not  interrupted,  but  frequently  pinched  and  contracted. 
The  same  effect  is  produced  as  the  lodes  pass  through  beds  of 
the  same  material,  as  seen  in  the  case  of  the  Chanaracillo  Silver 
Mine,  Chili,  fig.  44,  Chapter  XIII.  This  last  remark  leads  to  the 
observation  that  the  strata  traversed  by  a  lode  are  not  all  of  the 
same  mineral  nature.  There  are  sandstones,  limestones,  slates, 
shales,  felspars,  granites,  and  many  other  varieties  of  rocks. 
They  consequently  differ  in  compactness,  in  density,  in  the 
power  of  conducting  electricity,  and  in  many  other  particulars. 
It  is  scarcely  to  be  expected,  therefore,  that  the  amount  of 
shrinkage  and  contraction  would  be  the  same  in  each  case; 
and,  as  a  matter  of  fact,  it  is  not  so.  A  lode  usually  maintains 
its  average  width  in  ordinary  slaty  rocks.  It  narrows,  as  I  have 
just  observed,  in  its  passage  through  porphyries  and  greenstones, 
whether  occurring  as  dykes  or  beds,  and  it  widens,  and  becomes 
more  stringy  and  less  well  defined  as  it  enters  soft  shale.  Of 
these  and  other  variations  in  the  width  and  character  of  lodes 
as  they  pass  through  different  kinds  of  strata,  we  shall  have 
many  examples  as  we  proceed.  The  cracks  would  through  all 
subsequent  time  form  weak  lines,  or  lines  of  weakest  resistance 
in  the  strata,  and  we  should  expect  that  in  subsequent  disturb- 
ances of  the  strata  they  would  sometimes  be  opened,  and  space 
be  thus  formed  for  the  interposition  of  fresh  matter,  mineral  or 
otherwise ;  and  the  appearance  of  the  lodes  indicates  that  this 
has  been  so. 

The  fissures  I  have  been  describing  have  during  long  ages 
become  filled  with  a  variety  of  minerals.  For  the  most  part 
these  are  earthy  minerals,  which  partake  very  largely  of  the 
nature  of  the  adjoining  rock.  Thus,  lead  lodes  in  carboniferous 
strata  contain  in  the  millstone  grit  great  quantities  of  chert  and 
sandstone,  and  when  they  enter  the  limestone,  calcareous 
breccia  abounds.  In  the  Cambro-Silurian  slates,  fragments  of 
slate  and  re-cemented  grains  of  the  same  are  plentiful.  When 
granite  is  entered,  the  lode  is  charged  with  its  redistributed 
constituents,  especially  where  the  rock  is  of  a  decomposing 
kind. 
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Further,  earthy  minerals  that  enter  into  the  composition  of 
the  enclosing  strata  are  found  in  a  selected  and  separate  form 
in  the  lodes.  Thus,  in  limestone  the  lodes  are  charged  with 
carbonate  of  lime  and  fluorspar ;  in  the  clayey  strata  of  the 
Silurian  rocks,  with  baryta ;  in  the  harder  slaty  rocks,  that  con- 
tain a  laige  proportion  of  silica,  quartz  largely  prevails,  as  it 
does  also  in  the  harder  granites. 

According  to  the  prevalence  of  one  or  more  earthy  minerals 
and  the  combinations  they  form  with  each  other,  and  among 
metallic  minerals,  chiefly  with  iron  in  lodes,  the  latter  have 
been  distinguished  by  different  names,  of  which  the  following 
are  the  principal  kinds,  especially  as  known  in  Cornwall, 
whence  a  good  portion  of  our  raining  nomenclature  has  been 
derived  * : — 

Gossan  Lodes, — Gossan  is  a  cellular  friable  quartz  contain- 
ing earthy  matter,  and  coloured  pale  yellow,  brown,  or  black, 
according  to  the  quantity  of  iron  it  contains  and  the  amount  of 
decomposition  it  has  undergone.  The  amount  of  decompo- 
sition also  affects  greatly  the  character  of  the  lode.  Black 
gossan  contains  the  most  iron,  which  often  amounts  to  half  the 
weight  of  the  gossan,  and  it  is  hard,  solid,  and  impervious  to 
water.  Red  is  of  a  hard,  crystalline  nature.  Brown  is  most 
decomposed,  while  both  red  and  brown  are  more  brittle  and 
friable  than  black.  Each  of  these  kinds  of  gossan  bears  a 
special  relationship  to  enclosed  metallic  ores,  as  we  shall  see 
when  we  come  to  consider  the  metallic  contents  of  lodes. 
When  a  fissure  is  chiefly  filled  with  gossan  of  any  kind,  it  is 
known  as  a  *  gossan  lode.' 

Peachy  Lodes, — ^\Vhen  chlorite  of  a  greenish  colour,  with 
a  pearly  lustre,  and  of  a  somewhat  loose  and  cellular  texture, 
fills  up  a  fissure,  it  is  known  as  a  *  peachy  lode.' 

Caple  or  Capel  Lodes, — WTien  a  lode  is  largely  made  up 
of  hard  felspar,  that  passes  sometimes  into  a  clayey  limestone, 
it  is  called  a  *  capel  lode.'  Further,  in  many  lodes,  especially 
those  which  occupy  a  line  of  disturbance  in  the  strata,  a  coating 
of  hardened  clay  lines  either  wall,  and  thus  separates  the  main 

*  W.  Pryce,  MinercUogia  Comubiensis,  1779. 
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lode  stuff  from  the  adjoining  strata.    These  coatings  are  called 
the  *capels'  of  the  lode. 

Pryan  Lodes, — Lodes  that  are  filled  with  sand  and  heteroge- 
neous materials,  loosely  cemented  together  in  a  mixture  of  clay, 
are  called  *pryani  lodes,'  from/ry^*,  the  Cornish  word  for  clay. 

Quartz  Lodes. — Fissures  filled  with  hard  spar  or  quartz, 
are  quartz  lodes.  Quartz  occurs  in  lodes  in  different  condi- 
tions. Associated  with  iron  it  is  grey,  brown,  yellow,  and  black 
in  colour,  and  so  approaches  a  gossany  structure.  It  also 
occurs  in  different  degrees  of  density.  Now  it  is  compact  and 
solid,  filling  up  the  whole  of  the  lode,  then  it  is  mixed  with 
other  materials ;  again,  it  has  a  loose  sugary  structure,  from 
which  it  passes  often  into  a  beautifully  crystallised  form.  When 
these  crystals  are  not  large,  and  stretch  and  meet  across  por- 
tions of  the  lode,  as  seen  in  figs.  48,  49  and  50,  the  lode  is  still 
further  distinguished  as  *  comby.' 

Sparry  Lodes, — When  a  fissure  is  filled  with  fluor  spar, 
baryta,  or  carbonate  of  lime,  or  all  combined,  it  is  called  a 
*  sparry  lode.'  As  intimated  before,  lodes  of  this  description 
prevail  mostly  in  limestones,  the  others  belong  chiefly  to  the 
older  rocks. 

Flookan  or  Flucan  Lodes, — When  a  crack  is  filled  up  with 
stiff  glutinous  clay,  it  is  known,  in  Cornwall  especially,  by  this 
name.  As  sand  and  pebbles  become  mixed  with  the  clay,  the 
flucan  passes  into  a  pryani  lode.  These  flucan  lodes  are  usually 
cross  fractures  of  dislocation,  whereby  the  larger  lodes  are  dis- 
turbed, as  already  described  with  reference  to  figs.  5,  6  and  7. 

Grouan  Lodes. — In  passing  through  granite  rocks,  fissures,  as 
I  have  already  said,  become  filled  with  various-sized  firagments 
of  partially  decomposed  granite.  Grouan  is  a  name  locally  given 
to  granite,  hence  its  application  to  lodes  of  this  variety. 

In  this  description  of  the  different  kinds  of  lodes,  I  have 
enumerated  the  principal  earthy  ingredients  with. which  they 
are  filled ;  and  it  is  in  them,  as  in  earthy  matrices,  that  we  find 
distributed,  ofttimes  with  apparent  irregularity,  but,  perhaps, 
with  more  regard  to  order  than  we  usually  deem,  the  ores  of 
the  metallic  minerals  we  have  further  to  consider. 
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CHAPTER  III. 

METALLIC  CONTENTS  OF  LODES. 

AfTected  by  Nature  of  Strata— Modes  of  Occurrence— Origin  and  Deriva- 
tion— Infiltration — Condensation — Sublimation — Causes  affecting  the 
Particular  and  Local  Deposition  of. 

The  nature  of  the  strata  traversed  by  lodes  is  found,  from  long 
observation,  to  determine  to  some  extent  the  kind  of  metallic 
ore  that  predominates  in  the  latter.  Of  this  we  shall  have 
many  examples  in  the  course  of  our  inquiry ;  and  it  will  suffice 
to  say  here,  generally,  by  way  of  illustration,  that  quartz  lodes 
passing  through  granitic  rocks,  especially  when  pyrites  are  pre- 
sent, are  the  favourite  resorts  of  gold.  In  North  Wales  the 
hard  blue  slates  of  the  Llandeilo  strata  are  favourable  for  the 
production  of  lead.  Lead  is  also  the  prevailing  metallic  ore  in 
limestone  rocks,  although  there  are  occasionally  deposits  of 
copper.  Alternations  of  greenstone  and  porphyritic  rocks 
with  slates  produce  copper.  Granite,  especially  the  upper, 
coarse,  and  partially  decomposed  granite  of  Cornwall,  is  the 
prolific  rock  for  tin.  A  lode,  therefore,  changes  in  the  charac- 
ter of  its  contained  metallic  ore ;  as  in  Cornwall,  a  lode  passing 
through  bluish  *  killas,'  or  slaty  rocks,  contains  copper,  which 
gives  place  to  tin  when  the  underlying  granite  is  reached.  In 
Shropshire,  also,  the  lodes  that  are  productive  of  lead  ore  in  the 
bluish  grey  slaty  rocks  of  the  Llandeilo  series,  become  poor  in 
lead  and  richer  in  copper  as  they  pass  into  the  underlying  grits 
of  the  Cambrian  rocks  of  the  Stiper  stones  and  Longmynd. 

Metallic  ores  occur  in  lodes  in  a  variety  of  ways,  as  (i) 
sprinkled  in  the  midst  of  solid  quartz ;  (2)  filling  up  as  a  solid 
body  the  whole  of  the  crack ;  (3)  forming  nests  and  pockets 
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connected  by  strings ;  (4)  fonning  a  considerable  deposit  on 
ane  side  of  the  lode,  and  when  discontinued  on  one  side  com- 
mencing on  the  other;  (5)  irregularly  dotted  over  the  whole 
width  of  the  lode  ;  (6)  in  regular  layers,  which,  from  the  centre 
of  the  lode  to  tlie  sides,  answer  each  to  each,  and,  when  space 
'pennils,  between  them,  crystallising  into  their  beautiful  cha- 
1.418,9,10,11,11,48,49,50; 
and  other  figures  1 


racteristic  forms,  as  shown  ir 


ring  in  the  course  of 
this  book,  which  repre- 
sent actual  lodes,  will 
illustrate  most  of  these 
modes  of  occurrence, 
Besides  the  foregoing, 
there  is  an  almost  infi- 
nite diversity  of  combi- 
nations, many  of  which 
will  come  under  our 
notice  as  we  proceed. 

At   this   point,    and 
before  I  describe  the  re- 
maining classes   of  me- 
talHc  mineral  deposits, 
it  will  be  convenient  to 
ask,  and  to  endeavour  to 
answer    the    questions, 
'^'%ui>^'^KAi!  Tbh"" b"  MiowiKc^iIuKui;"  ^Vliencc  were  these  me- 
omiM  BY  Ckvsta'l li'kk''c*'^Tbkou3'' Af.^  '^"'"^  minerals  originally 
QuABTi  SfAR.  '  '         derived  ?  and  by  what 

means  did  they  get  into  lodes  as  we  now  find  them  ? 

A  great  deal  has  been  written  on  this  difficult  natural  pro- 
blem from  the  days  of  Job  until  now.  Especially  has  the 
inquiry  been  attractive  since  ^^'etner  taught  with  such  power  in 
the  Mining  School  of  Freiberg,  a  hundred  years  ago.  Each 
author  has  his  favourite  explanation,  which  he  usually  expounds 
to  the  exclusion  of  all  others.  The  true  answer,  as  I  take  i^ 
The  mode  of  the  origin  and  means  of  the  deposition  of 
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metallic  minerals  are  not  one  only,  but  many.  We  should 
therefore  endeavour  to  assign  to  each  cause,  or  set  of  causes, 
its  proper  place  and  degree  of  influence  in  the  whole  range  ot 
the  causes  that  have  contributed  to  the  final  result' 

To  b^n  at  the  beginning,  we  may  safely  suppose  that  the 
metals,  together  with  all  the  simple  elements  we  have  enume- 
rated, formed  part  of  the 
original  mass  of  this  globe 
when  in  a  molten  state,  as 
is  now  reasonably  inferred, 
it  was  first  started  on  its 
revolving  course  through 
space; 

It  follows  therefore  that,  I 
as  the  outer  suriace  of  this  | 
molten  mass  cooled  and 
hardened,  the  metals  con- 
tained at  various  points 
would  be  enclosed  within  j 
the  outer  crust  in  both  ( 
collected  and  disseminated  ) 
forms.  The  disseminated 
melals  would  be  those  dis- 
tributed and  quickly  fixed 
through  the  whole  mass. 
The  collected  metals  would 
be  those  which  in  a  fluid  or 
semifluid  state  gravitated 
towards  cracks,  cavities, 
and  shrinkages  of  the  con- 
taining rock.  Especially  would  this  retention  of  the  metallic 
constituents  near  the  surface  be  most  complete  where  the 
cooling  was  most  rapid ;  where,  on  the  other  hand,  the  cool- 

■  See  Wemet's  Xna  Thiory  of  MinrrtU  Viiiis  ;  Robert  Were  Fox,  On 
Mintral  Veint;  De  U  Beche's  Geology  of  CormvaU;  Von  CoUa,  On 
Mintral  Peim;   Salmoa,   Oh  Mineral  Veitu;   Henwood't  Maalli/imit 
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ii^  was  slow,  the  metals,  by  their  greater  weight,  density,  and 
fluid  nature,  would  sink  down  with  the  inner  molten  matter, 
leaving  such  parts  of  the  surface  barren  of  metals. 

When,  in  course  of  time,  an  atmosphere  encircled  the  earth, 
and  moisture  descended  in  rain  and  accumulated  in  hollows  on 
tlie  surface,  a  wearing-down  process  began,  by  which  portions  of 
Ihe  original  crust  began 
to  be  abraded  and 
washed  into  watery  hol- 
lows, there  to  be  de- 
posited in  a  new  form 
as  sedimentaiy  strata. 
The  contained  metals 
would  be  washed  away 
along  with  their  en- 
closing rock,  and  would 
be  disseminated 
throughout  the  newly 
forming  strata.  They 
would  foml  deposits  in 
hollows  of  the  sea- 
bottom,  inlerstratified 
layers,  fill  up  cracks, 
and  altogether  the 
strata  in  the  neighbour- 
'43'^  hood  of  an  original  me- 

Fra.  le.— SaCTioN   or   the    Drei  Pjiinzeh  Loci,   talliferOUS    mass   WOUld 

NKAii  fbe.debg.  jjg  highly  charged  with 

'  ''uu  of  flu<m,iai  «nd'qSiw'*ii'ii'li»i»'aJd"ciii1i^  metallic  minerals  in  va- 
tt^ctmnic^tSn^'dorir''  '^"'  "'"™  "  rious  States  of  combi- 
nation and  form. 
As  these  sedimentary  strata  became  cracked  and  fissured  by 
subsequent  elevation,  drying,  and  disturbance,  the  water  flow- 
ing through  them  would  take  up  the  metallic  panicles,  and, 
meeting  with  partial  stoppages  and  interceptions  as  it  passed 
through  cracks  and  cavities,  would  deposit  its  heavy  mineral  i 
burden  on  the  floors  and  sides  of  the  same.    The  power  of  the  ' 
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water  to  dissolve  the  metals  out  of  the  endosing  strau  would 
be  assisted  by  its  associated  chemical  agents — acids,  salts,  and 
the  like — as  well  as  by  the  high  temperature  which  it  is  likely 
prevailed  in  the  earliest  periods  of  the  earth's  history.  The 
power  of  the  agents  being  spent,  the  temperature  cooled  by 
any  cause,  and  the  fiow  of  the  water  interrupted,  the  mineral 
matter  held  in  solution  would  be  deposited  as  we  have  sup< 
posed.  Thus,  by 
means  of  infiltra- 
tion, we  have  one, 
and  perhaps  the 
principal,  explana- 
tion of  flic  deposi- 
tion of  metallic  mi- 
nerals in  lodes. 

Further,  we  may 
suppose  that  por- 
tions of  the  water 
would  find  their  way 
down  cracks  to  the 
molten  masses  lying  i 
within  the  fiery  / 
chambers  under- 
neath the  cooling  ; 
crust ;  and  how,  re- 
ascending  in  va- 
pours mineralised 
by  contact  with  ^' 
liquid  metals  and  cnMT^^MiKc"  'H *r"<»",%*K^cisf"^D ^'blenbi" 
other  molten  matter,  "*"=*"»■.  *"■>  i^oi.  o«ei. 
they  would  permeate  cracks  and  chambers,  penetrating  every 
opening  where  they  could  unhindered  find  theirway ;  and  how, 
condensedby  contact  with  the  cooler  surfaces  of  hardened  rocks, 
the  contained  minerab  would  be  deposited  on  the  surfaces  ot 
these  as  far  as  the  vapours  reached ;  just  as  mineral  matter  is 
deposited  and  accumulates  on  the  sides  of  boilers  and  within 
steam  pipes.    Thus  in  a  second  way,  by  means  of  condensation, 
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we  can  conceive  how  mineral  matter  may  have  been  dqwstted 
in  lodes. 

Again,  we  may  imagine  how,  in  the  intense  fusion  and  com- 
binatioQ  of  molten  substances  going  on  amidst  the  heat  of  the 
earth's  great  laboratory,  gases  would  be  driven  off  and  forced 
upward  through  every  fissure  and  chink  along  the  course  ot 
which  the  contained  metallic  matter  would  be  deposited  ;  just 
as  the  lead,  sulphur,  ar- 
senic, and  other  minerals 
that  escape  in  fumes.from 
reduction  furnaces,  are  now 
,  intercepted  and  deposited 
I  in  the  long  flues  and  great 
I  chimneys  of  our  chief 
les  and  smelting  houses; 
J  and  thus,  in  a  third  way. 
ly  sublimation,  we  see  how 
the  earth's  cracks  may  have 
become  lined  and  charged 
with  metalliferous  ores. 
The  precise  places  and 
[  methods  of  the  deposition 
[  of  metallic  ores,  thus 
brought  generally  from 
above  and  below,  would 
depend  upon  a  variety  of 
causes.  It  would  be  de- 
termined in  the  first  place 
I  by   the  direction    of    the  I 

HofFHUKG  GOTTU  MlHI.    HEAR    FmiBFBO.  ,  J        .         1  £11     J 

sKowmc  Qu*m  and  Micaceous  Slati  in   CraCKS  ready   tO   be  filled. ,' 

PAlAIiBL  LAVIU.  j    j^^^^    ^j    ^^^^    ^.j^^  mOSti 

productive  lodes  run  roughly  from  east  to  west  They  are 
evidently  the  oldest  cracks,  inasmuch  as  the  north  and  south 
cracks  cut  them  through  and  disturb  them.  The  great  work  of 
charging  the  lodes  with  metallic  matter  seems  to  have  been 

I  partly  completed  before  the  north  and  south  fissures  were  mjtde. 

;  This  east  and  west  direction  of  the  older  cracks  may  have  re- 
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suited  from  the  tendency  there  is,  when  a  strain  is  applied  to 
substances,  to  break  across  rather  than  along  their  length.  Then  ] 
this  east  and  west  direction  seems,  in  connection  with  electricity,*  ■ 
to  have  had  an  influence  on  the  deposition  of  metallic  matter  in 
these  lodes.  The  water  filling  the  fissures,  heated  from  below, 
and  charged  with  mineral  matter,  would  be  ordinarily  a  better 
conductor  of  electricity  than  would  the  adjacent  rocks.  Currents 
of  electricity  would,  if  not  otherwise  controlled,  pass  along  it 
to  the  west.  These  currents  would  assist  in  decomposing  the 
mineral  salts,  earthy  or  metallic,  and  lead  to  the  negative  pole  or 
rock.  The  deposit  would  further  be  influenced  by  the  compo- 
sition of  the  rock  traversed,  which,  according  to  its  enclosed 
minerals  or  temperature,  would  be  electro-negative  in  one  place, 
and  electro-positive  in  another.  The  regularity  of  the  deposition 
would  also  be  interfered  with  by  a  variety  of  circumstances — 
the  evolution  of  sulphuretted  hydrogen  by  some,  the  absorption 
of  oxygen  by  others,  and  the  solidifying  of  the  minerals.  Thus 
the  flow  of  the  currents  would  be  interfered  with. 

We  can  also  readily  see  that  the  quiescence  or  otherwise  of 
the  water  would  affect  the  deposit  Where  the  water  was  in- 
tercepted and  lay  quiet,  as  in  cracks  in  hard  rock  closed  up 
above  and  below  by  shale  and  mud,  the  deposition  of  mineral 
matter  would  be  most  perfect;  just  as  it  is  in  quiet  pools  and 
precipitation  tanks,  rather  than  in  running  streams,  that  solid 
matter  is  deposited  from  water  now. 

Referring  again  to  the  three  methods  by  which  we  have  seen 
how  fissures  may  have,  been  filled  with  metallic  minerals,  I  may 
further  observe  that,  generally  speaking,  it  is  among  the  lodes 
that  traverse  the  oldest  granitic,  gneissic,  and  metamorphic  rocks 
of  the  Laurentian  and  Cambrian  groups  that  we  find  indications 
of  the  two  latter  modes  of  origin ;  while  it  is  in  the  clay  slates  of 
the  Cambro-Silurian  and  Devonian,  and  in  the  Carboniferous 
Limestone,  that  we  find  abundant  examples  of  the  first  method. 

Thus,  in  Yorkshire  and  Derbyshire,  it  is  when  passing 
through  the  synclinal  troughs  or  hollows  formed  by  the  lime- 
Stone  beds  that  the  lodes  are  most  productive  of  metallic  ore. 

*  Robert  Were  Fox,  On  Mineral  Virinj, 
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Such  lodes  as  are  filled  with  breccia  and  drifted  materials, 
in  which  are  lumps  and  aggregated  masses  of  ore,  are  doubtless 
due  to  infiltration.  Solid  metallic  lodes — where  the  ore  is  very 
pure  and,  filling  the  whole  chasm,  is  hardly  separable  from  the 
walls  of  the  lode — seem  to  point  to  a  sublimated  origin.  Where, 
again,  the  metallic  matter  occurs  in  parallel  layers,  the  result 
may  have  been  occasioned  by  gradual  condensation  from  as- 
cending vapours.  Where,  however,  such  layers  are  loose  in 
texture,  and  the  enclosing  mineral  coarse,  the  result  may  have 
arisen  from  infiltration. 

Probably  in  the  same  lode,  each  of  the  modes  of  operation 
may  have  been  employed,  in  its  turn  contributing  its  quota  to 
the  final  result. 
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CHAPTER  IV. 

SECOND,    THIRD,  AND  FOURTH  CLASSES  OF  MINERAL 

DEPOSITS. 

Stratified  Mineral  Deposits — Irregularly  Stratified  Deposits — Contact  De* 
posits — S^^;ated  and  Crystalline  Masses  of  Ore — Flats — Irregular 
Deposits — Pockets — Contact  Deposits — Network  of  .Veins — Dissemi- 
nated Ores — Superficial  Deposits. 

I  NOW  proceed  to  notice  the  second  great  group  or  class  of 
mineral  deposits,  and  begin  with  those  that  are  regularly 
stratified. 

II.  Beds. 

{a)  Stratified  Mineral  Deposits, — Metallic  ore  deposits, 
especially  those  of  iron  and  copper,  frequently  occur  as  beds 
ordinarily  interstratified  with  other  beds.  Of  these,  we  have 
examples  in  the  ironstone  layers  of  the  coal  measures;  the 
ironstone  beds  of  Missouri  (fig.  114),  the  copper  deposits  of 
Anglesea  (figs.  53,54  and  55),  the  copper  deposits  of  the  New  Red 
Sandstone,  and  the  ironstone  seams  of  the  Jurassic  strata,  fig. 
113.  Of  course  all  stratified  beds  contain  a  larger  or  a  smaller 
amount  of  metallic  matter,  especially  iron,  those  we  are  now 
considering  differing  from  the  ordinary  beds  in  the  greater 
amount  of  metallic  matter  with  which  they  are  impregnated, 
and  which  renders  it  profitable  to  work  them. 

A  stratified  bed  may  have  become  charged  with  metallic 
matter  in  several  ways.  For  example,  (i)  the  water  in  which  it 
was  laid  down  may  have  been  supplied  with  the  mineral  it  held 
in  solution,  to  be  precipitated  on  its  bed,  from  vents  and  com- 
munications with  the  earth's  interior,  as  for  example,  by  mineral 
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springs,  or  submarine  volcanoes.  It  would  thus  derive  its 
supply,  first  hand,  from  the  original  source.  Or  (2)  the  mineral 
may  have  been  brought  into  the  water  by  streams  flowing  into 
it  from  rocks  already  impregnated  with  it;  just  as  on  the 
coast  of  Peru  and  Chili  the  sea  contains  so  large  a  proportion 
of  silver  brought  down  from  the  mountains  as  to  plate  the 
copper  sheathing  of  vessels  remaining  in  its  waters. 

Such  a  process  would  be  more  intense  in  some  regions 
than  in  others;  and  at  such  points  the  deposits  forming  on. 
the  sea  floor  would  be  most  strongly  charged,  the  mineral 
matter  lessening  its  quantity  as  it  receded  from  the  centre  of 
action. 

{b)  Irregularly  Stratified  Mineral  Deposits, — The  regular 
or  irregular  stratification  of  such  a  deposit  would  depend  upon 
the  pre-existing  contour  of  the  sea  bottom,  the  action  of  tides 
and  currents  ;  and  it  would  also  be  affected  by  the  different 
specific  gravity  of  the  substances  thrown  down  upon  it 

When  land  was  depressed  below  the  sea  level,  its  surface 
would  present  all  the  inequalities  which  had  been  made  upon 
it  by  abrasion  and  disturbance.  It  would  have  escarpments 
and  valleys,  hollows  and  protuberances ;  and  the  effect  of  the 
first  matter  deposited  upon  it  would  be  to  fill  up  the  hollows. 
Moreover,  the  heavy  metallic  constituents  would  sink  to  the 
lowest  points,  and  would  thus  form  irregularly  stratified  de- 
posits. 

{c)  Contact  Deposits, — Such  deposits  would  make  one  form 
'  of  contact  deposits,  or  deposits  lying  between  two  dissimilar 
'  formations '  which  would  follow  the  undulations  of  the  surface 
of  the  older  strata. 

{d)  Segregated  and  Crystallised  Masses  of  Ore. — ^Again,  in 
shallow  seas,  a  process  of  jigging  and  huddling  would  be  going 
on  on  a  large  scale,  in  which,  by  means  of  tides,  storms,  winds, 
and  currents,  the  lighter  earthy  matter  would  be  carried  away, 
leaving  the  heavier  metallic  particles  in  coalescing  masses  be- 
hind. To  this  mechanical  action  we  must  add  the  chemical 
processes,  dependent  upon  the  liking  or  affinity  which  one 
metal  has  for  another,  resulting  in  the  readiness  with  which  some 
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coalesce,  and  ^e  force  with  which  others  repeL  Thus  on  a 
laige  scale  ihe  processes  of  precipitation,  segregation,  and  rough 
crystallisation  would  go  on  whit^  we  see  exemplified  in  smaller 
chemical  experiments  within  our  own  laboratorieE.  These 
lenticular,  wedge,  and  irregularly  shaped  mineral  masses  would 
in  their  turn  be  covered  over  by  earthy  matter ;  and  if  we  think 
of  the  subsequent  process  by  which  the  strata  in  which  they 
are  enclosed  have  been  upheaved,  hardened,  and  tilted  at  all 
angles,  we  have  imagined  the  probable  history  of  deposits  like 
the  iron  ore  deposits  of  Norway  (fig.  108),  the  line  ore  deposits 
of  Belgium  (fig.  104),  and  of  others  described  in  this  book. 

(e)  I'lals. — Flats  are  of  three  principal  kinds.  1.  There  are 
the  flats  that  occur  in  the  limestones  of  the  North  of  England, 
described  in  Chapter  XXV. 
There  arc  long  stretches  of 
alternating  shales  and  lime- 
stones, the  latter  of  a  sandy 
and  readily  decomposing 
kind,  that  contain  inegu- 
larly  shaped  deposits  of  ore 
extending  horizontally  to  a 
great  distance,  but  limited  p^^  -iiiusTHATioB  of  cumk  followihg 
in  depth  to  certain  beds.  link  or  wbakbst  kksistanci. 

They  are  portions  of  the  ■  ■■  i^™"""*-  ".  stai*..  3,  FiitdurgHi  oiih 
limestone  mineralised  (see 

figs.  93  and  94).  Flats  are  also  of  another  kind.  Recurring 
to  the  phenomenon  of  shrinkage,  which,  as  we  have  seen,  is 
irregular  according  to  the  texture  of  the  strata,  we  find  that,  in 
strata  composed  of  limestones  alternating  with  shales,  the  cracks 
in  the  former  are  intercepted  by  the  latter,  and  are  not  always 
continued  in  the  lower  limestones  immediately  under  those  of 
the  upper.  We  find  the  crack  passing  down  the  shale  along 
the  dip  of  the  beds,  and  starting  downwards  through  the 
underlying  limestone,  where  the  power  of  resistance  has  been 
weakest,  as  seen  in  fig.  13. 

A  good  illustration  of  the  way  in  which  a  crack  becomes 
more  horizontal  and  usually  less  productive  as  it  passes  through 
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inten'ening  strata  beds,  is  seen  in  fig.  14,  adapted  from  Wallace, 
which  is  a  section  of  a  lode  on  Alston  Moor,  in  the  North  of 


Usuallya  good  part  of  the  shale  bed  has  been  washed  away, 
and  its  place  has  been  taken  by  clay,  in  which  are  imbedded 


Fks.  14.— Ssctioh  or  Loci  at  Alston  Moor,  ghowikg  Chances  op  Dip  ami 
Thick  perpcDdiciiUj  pani  moR  prodiiclive. 

almost  pure  lumps  of  galena,  which  have  been  washed  from  the 
lodes  above  and  the  overlying  limestones.  A  third  kind  of  flat 
has  been  occasioned  by  a  sinking  or  subsidence  of  the  lower 
portion  of  a  series  of  limestone  beds  leaving  an  irregular  crack 
partly  horizontal  which  has  subsequently  filled  with  earthy 
earthy  minerals  and  metallic  ores.  Fig.  97,  Chapter  XXVI.,  is 
a  representation  of  such  a  flat  as  it  occurs  at  the  North  Hendre 
Lead  Mine,  in  Flintshire. 
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III.   Irregular  Deposits, 

I  will  begin  the  description  of  this  class  of  deposits  with — 

(a)  Pockets, — Pockets,  bonanzas,  vughs,  or  cavities,  filled  with 
ore,  are  of  frequent  occurrence,  especially  in  limestone  strata. 
Of  this  kind  of  deposits  we  may  take  the  hsematite  deposits  of 
the  Forest  of  Dean  (fig.  no,  Chapter  XXIX.),  and  the  silver  lead 
ore  deposits  of  the  Eureka  and  Richmond  Mines,  in  Nevada 
(fig.  41,  Chapter  XII.). 

Pockets  like  those  of  the  Forest  of  Dean  may  have  been 
formed  at  the  time  of  the  deposition  of  the  strata,  in  the 
manner  just  described ;  for  we  have  only  to  suppose  that  in  a 
given  stratum  segregations  of  metallic  ore  took  place,  and  the 
insterstices  filled  up  with  ordinary  calcareous  mud,  to  see  how 
pockets  that  occur  along  the  line  of  bedding  in  unbroken  strata 
may  have  been  formed. 

But  pockets  have  at  times  no  reference  to  the  stratification ; 
they  are  not  found  lying  in  one  or  more  beds  along  the  direc- 
tion of  their  bedding,  but  crossing  the  stratification  somewhat 
irregularly,  as  is  the  case  with  the  Nevada  pockets  (fig.  41, 
Chapter  XII.).  This  kind  of  pocket  is  usually  found  in  lime- 
stone strata.  Now  in  all  such  strata  may  be  seen,  wherever 
they  are  quarried,  great  irregular  patches  of  what  is  known 
among  quarrymen  as  *  rotten  rock.'  This  is  rock  from  which 
lime  is  largely  absent.  It  consists  often  of  loose,  friable  sand- 
stone. Where  such  a  deposit  lies,  as  is  often  the  case,  under  a 
crack  communicating  with  the  surface,  with  one  leading  out  , 
below,  the  result  is  the  washing  away  of  the  whole  friable  mass, 
and  ordinarily  the  formation  of  a  cavern  in  its  place.  This 
cavern,  like  a  fissure  or  lode,  is  now  ready  to  have  deposited 
within  it  the  minerals  held  in  solution  by  the  water  passing 
through  it  The  depocition  of  mineral  matter  will  go  on  fastest 
when  the  flow  of  the  water  is  most  checked.  Where  the  flow 
is  swift  and  continuous,  a  cavern  alone  remains,  like  those 
common  in  the  Carboniferous  limestones  of  Wales  and  York- 
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shire ;  but  in  the  former  case  a  pocket  or  bonanza,  chai^ged  with 
metallic  and  other  minerals,  is  the  result 

(d)  Contact  Deposits, — (^)  Network  of  Veins, — (d)  Dissemi- 
nated Ores, — Among  the  older  strata  we  have  many  examples  in 
eruptive  rocks  how,  at  times,  from  pressure  applied  elsewhere, 
portions  of  molten  matter  have  been  forced  up  from  the  interior 
of  the  earth,  and  have  overflown  the  surfaces  of  the  strata  they 
have  burst  through. 

Now  the  intense  heat  attendant  on  such  eruptions  would 
have,  and  indeed  has  had,  great  effect  upon  the  adjacent  strata. 
It  has  hardened  them,  changed  their  character — in  the  language 
of  science,  metamorphosed  them. 

We  may  easily  imagine  how  any  metallic  substances  they 
contained  would  be  melted,  would  fall  down  as  far  as  they 
could,  filling  up  every  crevice  they  could  find,  and  would  often 
at  last  nestle  in  hollows  at  the  point  of  contact  with  the  under- 
lying eruptive  mass,  in  some  cases  penetrating  that  mass  itself. 
In  this,  therefore,  we  find  another  explanation  of  the  origin  of 
contact  deposits. 

The  eruptive  mass  would  also  be  itself  charged  with  what- 
ever metals  prevailed  in  it  as  it  lay  quiescent  in  the  furnace 
below.  In  the  process  of  cooling,  especially  if  this  were  slow, 
this  heavy  metallic  matter  would  sink  to  the  bottom  of  the 
overflowing  mass  and  gravitate  towards  hollows  in  the  under- 
lying rock.  This  aflbrds  us  an  illustration  of  the  way  in  which 
a  contact  deposit  lying  underneath  an  eruptive  rock  may  have 
been  produced. 

The  metallic  matter  would  also  fill  up  cracks  and  gaps  of 
shrinkage  in  the  underlying  strata,  and  thus  form  in  another 
way  network  of  veins  like  that  of  Geyer  (figs.  67  and  68, 
Chapter  XX.),  already  referred  to,  as  well  as  gash  veins  that 
die  out  in  depth,  as  in  figs.  63  and  79. 

Again,  if  the  process  of  cooling  were  quick,  as  under  some 
conditions,  especially  near  the  surface,  it  would  be  the  metallic 
matter  that  would  be  retained  in  the  eruptive  mass.  This  reten- 
tion might  either  be  in  fine  particles  diff'used,  as  grains  of  gold 
and  of  tin  occur  in  granitic  rocks,  or  if  the  cooling  were  not  veiy 
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rapid,  in  minute  cracks  threading  the  whole  mass  as  the  result 
of  shrinkage,  producing  once  more  the  phenomena  of  the 
stockwerk  of  Geyer  just  referred  to. 

A  study  of  the  volcanic  phenomena  observable  at  the  pre- 
sent day,  together  with  that  of  geysers  and  mineral  springs 
generally,  will  serve  to  illustrate  much  of  what  I  have  been 
supposing,  and  help  to  elucidate  this  difficult  subject  in  its 
varied  and  extensive  bearings. 

IV.  Superficial  Deposits. 

In  the  drift  and  other  loose  matter  that  covers  the  mort 
solid  framework  of  the  globe,  we  find  important  metallic 
deposits,  especially  those  of  gold  and  tin.  We  shall  have 
occasion  to  notice  these  more  in  detail,  so  that  it  will  not  be 
necessary  here  to  do  more  than  say  that  they  lie  along  the  base 
of  the  mountains  whose  strata  contain  the  deposits  from  which 
they  have  been  derived.  The  mode  of  their  occurrence  in 
beds,  continuous  or  otherwise,  will  afford  us  additional  expla- 
nation of  the  way  in  which  the  older  stratified  beds  of  metallic 
ore,  regular  or  irregular,  were  originally  formed. 

I  do  not  know  that  I  have  exhausted  my  list  of  all  the 
possible  ways  in  which  tlie  various  deposits  of  metallic  minerals 
may  have  been  produced;  but  the  illustrations  and  examples  I 
have  given  will  afford  the  student  the  clue  to  the  explanation  of 
the  whole  phenomena,  and  will  help  him  to  work  out  in  further 
detail  the  theories  as  they  affect  the  class  and  species  of  de- 
posit in  which  he  is  most  interested. 

We  may,  therefore,  now  pass  on  to  consider  in  detail  each 
metallic  mineral  separately,  together  with  the  conditions  under 
which  it  it  is  found  in  various  parts  of  the  world. 
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CHAPTER  V. 

GOLD, 

Characteristics  and  Modes  of  Occurrence — Driftal  Gold— Nuggets — Gold 
in  Lodes  and  Veins — Alluvial  Deposits  of  the  Ural  Mountains — Mining 
in  the  Solid  Rock — Austro-Hungary — Mines  of  the  Banat— Gold  in 
Central  Europe^ -Sands  of  the  Rhine— Lodes  and  Alluvium  of  France, 
Spain  and  Portugal,  and  Italy. 

Gold  does  not  often  occur  in  nature  in  a  mineralised  form, 
but  is  usually  found  in  its  native  or  metallic  state.  It  is,  how- 
ever, frequently  alloyed  with  copper,  silver,  and  other  metals. 
Rarely,  as  in  Transylvania,  it  is  found  mineralised  by  associa- 
tion with  tellurium. 

In  form  it  occurs  as  cubes,  mostly  small,  which  are  often 
distorted  and  elongated.  Also  in  grains  and  plates,  in  hair- 
like  ftbres,  and  in  dendritic  or  tree-like  incrustations. 

Its  hardness  ranges  from  25  to  3'o.  The  colour  is  yellow 
of  various  shades ;  the  lighter  colours  of  which  are  due  to  the 
presence  of  silver  in  large  quantities.  Its  specific  gravity  is 
very  great,  ranging  from  12*666  to  19*079,  varying  according  to 
the  metals  alloyed  with  it,  the  purest  gold  being  the  heaviest 

From  its  resemblance  in  colour  to  iron  pyrites,  the  latter 
substance  is  often  mistaken  for  gold.  One  easy  test  of  the 
difference  between  the  two  lies  in  the  great  ductility  and 
malleability  of  gold  as  compared  with  iron  pyrites.  It  will 
flatten  under  a  blow,  whereas  pyrites  will  crush  to  powder. 

Indeed,  one  of  the  most  noticeable  qualities  of  gold  is  its 
extreme  malleability ;  a  grain  of  it  may  be  made  to  cover  a 
space  of  54J  square  inches,  and  it  may  be  beaten  into  leaves 
the  aao^ooo  o^  ^^  ^^^h  thick. 

When  perfectly  pure,  gold  is  called  in  commerce  gold  of  24 
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carats,  or  fine  gold.  If  it  is  alloyed  with  two  parts  of  silver,  or 
one  part  of  silver  and  one  of  copper,  or  the  like  equivalent  of 
other  metals,  it  is  said  to  be  22  carats  fine.  So,  if  it  contains 
only  20  parts  of  pure  gold  it  is  20  carats  fine. 

The  two  following  analyses  of  gold  will  illustrate  two  ex- 
tremely different  conditions  of  alloy  and  of  specific  gravity  : — 


I.  Gold  from  Russia. 

Specific  gravity,  1 9 '099. 
Gold   .  .98-96 

Silver .  .       o-i6 

Copper  .      0-35 

Iron    .  .      005 

99*52 


2.  Gold  from  Marato. 

Specific  gravity,  12*666. 
Gold   .  .     73*45 

Silver  .         .         .     26*48 

99*93 


General  Modes  of  the  Occurrence  of  Gold, — Gold  is  found  in 
two  widely  different  conditions.  First,  it  is  found  distributed 
m  gravel,  sand,  clay,  and  other  detrital  matters  that  cover  the 
valleys  and  plains  which  furrow  the  sides  and  extend  along  the 
base  of  great  mountain  chains.  This  condition,  although  the 
newest  presented  in  nature,  is  probably  the  oldest  in  which 
gold  seems  to  have  been  known  to  mankind.  Probably  all  the 
gold  of  ancient  times  was  derived  from  such  sources;  the 
earliest  explorers  having  been  attracted  by  its  rich,  shining, 
yellow  appearance,  as  it  glistened  in  the  river  sands. 

The  drift  containing  gold  has,  of  course,  been  produced  by 
the  whole  array  of  abrading  causes — the  atmosphere,  rain,  rivers, 
sea,  and  ice — all  of  which  have  helped  in  their  turn,  and  with 
various  combinations  of  effort,  to  disintegrate  and  displace  the 
solid  rocks,  and  to  spread  their  ruins  over  the  valleys  and  plains. 

Probably  the  peculiar  disposition  of  the  gold  in  the  drifts 
of  any  one  locality  has  been  affected  by  the  prevalence  or 
greater  activity  of  one  or  more  of  these  agents  over  the  rest 

Gold  occurs  in  these  drifb  in  fragments  and  grains  of  all 
sizes.  The  larger  lumps  are  known  as  nuggets,  and  some  of 
these  have  been  found  of  a  large  size.  The  largest  known  was 
found  in  California,  and  weighed  134  lbs.  7  ozs.  Another 
weighing  96  lbs.  was  found  near  Miask,  in  the  Ural  Mountains, 

D 
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and  is  now  in  the  Museum  of  the  Imperial  School  of  Mines  at 
St  Petersburg.  Another  of  27^  lbs.  weight  was  also  found  in 
California. 

Dr.  Genth  *  suggests  that  the  gold  of  the  larger  nuggets  was 
originally  disseminated  as  fine  grains  throughout  the  parent 
rock,  from  which  it  was  dissolved  and  washed  out,  to  be  again 
segregated  or  collected  into  lumps  and  masses  of  irregular  and 
often  fantastic  shape  in  the  waters  of  the  driftal  seas.  I  may 
observe  as  a  digression  that  he  applies  partly  the  same  theory 
to  gold  found  in  veins ;  inasmuch  as  he  has  found  the  native 
bismuth  from  the  peaks  of  Sorato,  in  Bolivia,  interlaminated 
with  gold,  and  the  ore  bed  in  the  metamorphic  slates  at 
Springfield,  America,  to  consist  in  its  upper  part  of  magnetite, 
in  its  lower  of  copper  pyrites  and  other  ores,  and  interlaminated 
with  these  films  of  native  gold.  To  return,  as  washings,  diggings, 
placer,  and  hydraulic  mines,  these  drifted  deposits  have 
been  worked  for  gold  from  the  earliest  times  until  now. 

Secondly,  gold  is  found  in  lodes  and  veins,  chiefly  filled 
with  quartz,  that  traverse  the  older  slaty  and  metamorphic 
rocks,  principally  those  of  Cambrian  and  Laurentian  age,  as 
well  as  finely  disseminated  in  rocks  of  a  granular  structure. 
This  form,  although  the  oldest  mode  of  occurrence  in  nature, 
is  the  one  more  recently  known  to  men,  and  still  more  recently 
worked  with  success.  Excepting  some  of  the  Brazilian  mines, 
and  one  of  doubtful  success  in  the  Ural  Mountains,  there  was, 
only  forty  years  ago,  scarcely  a  gold  mine  profitably  worked  in 
the  solid  rock. 

The  explorers  for  gold  in  drifted  matter  have  gradually 
followed  the  object  of  their  search  up  the  mountain  sides,  imtil 
they  have  struck  in  veins  and  lodes  some  of  the  sources 
whence  the  alluvial  gold  has  been  derived. 

The  diagram  (fig.  15)  which  represents  the  structure  of  the 
Ural  Mountains,  to  be  noticed  presently,  will  illustrate  the 
relation  borne  by  these  two  classes  of  deposits  to  each  other. 
The  size  of  the  quartz  veins  is  necessarily  exaggerated. 

'  American  youmal  of  Scicme  and  Art ^  September  1859. 
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With  tliese  general  prefatoiy  remarks  I  will  proceed  to 
Dotice  the  chief  gold  producing  districts  of  the  world,  beginning 
in  the  east  with  the 

Ural  Mountains, — ^The  Ural  or  Oural  Mountains  ex- 
tend from  the  Arctic  Ocean  to  the  Caspian  Sea,'  a  distance  of 
r,ooo  miles  from  north  to  south.  Along  their  course  they  form 
the  natural  boundary  between  Europe  and  Asia.  A  few  of  the 
highest  peaks  reach  an  altitude  of  5,000  feet,  but  the  greater 
number  do  not  exceed  2,000  feet 

Refening  to  the  section,  fig.  15,  the  groups  of  strata,  i,  a, 


and  the  lower  part  of  3,  are  penetrated  with  greenstones  and 
porphyritic  rocks,  often  in  a  crystallised  and  mineralised  form. 
The  gold  is  frequently  found  disseminated  in  these  intrusive 
and  imbedded  rocks,  as  well  as  in  the  quartz  veins  that 
traverse  them,  and  the  groups  i  and  2  enclosing  them.  The 
stratification  is  the  same  on  both  sides  of  the  chain,  and  on 
the  eastern,  or  Siberian  side,  gold  is  visible  to  the  naked  eye  in 
the  slaty  rocks  3.  It  is  probable  that  gold  will  be  found  in 
greater  or  less  quantities  all  along  the  range,  but  at  present  the 
gold-prod  udng  region  is  almost  limited  to  the  country  lying 
between  the  51st  and  s6th  degrees  of  N.  latitude,  widi  the 
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town  of  Ekaterinburg  in  the  centre.  The  entire  gold-producing 
country  of  Russia  is,  however,  estimated  by  M.  Boglubski^  at 
2,000,000  square  miles.  Unless  others  have  been  started 
recently,  the  only  underground  mines  are  those  at  Berezoosk, 
near  Ekaterinburg,  on  the  Siberian  side  of  the  mountains.  It 
was  here  that  mining  operations  were  first  commenced  on  the 
first  discovery  of  the  gold  in  1723.  The  rock  here  is  de- 
composed granite,  containing  numerous  veins  of  quartz,  in 
which  the  gold  is  scattered.  Shallow  shafts  are  sunk  in  the 
rock,  and  levels  driven  into  the  veins,  and  the  production  of 
these  underground  mines,  from  the  year  1725  to  that  of  1841, 
was  estimated  at  30,000  lbs.  troy  of  gold.  In  1850  the  yield 
was  100  lbs.    The  analysis  of  the  gold  of  these  mines  stands 

thus — 

Gold 09*280 

Silver 00702 

Copper oo*oo6 

Iron oo'OoS 

Loss 00*004 

10  000 

Attempts  at  mining  in  the  solid  rock  were  made  up  to  the 
year  1823  in  sixty-six  other  localities,  but  these  were  all 
abandoned ;  for  thus  far  the  Russians  have  found  it  easier  to 
obtain  gold  by  digging  and  washing  the  drift  lying  in  the  higher 
valleys  and  hollows  of  the  mountains,  and  the  low-lying  land 
stretching  eastward  into  Siberia.  The  drift  seems  to  be  of  the 
same  age  as  our  glacial  drift,  bones  of  recent  and  recently 
extinct  animals  being  found  in  its  uppermost  layers.  Gold  is 
most  plentiful  in  it  where  the  drift  is  most  largely  charged  with 
iron.  Fig.  16,  adapted  from  Murchison  and  Vemeuil,  is  a 
section  of  the  drift  at  the  Sormanosk  mines,  near  Miask, 
the  shaded  portions,  just  overlying  the  upturned  and  eroded 
edges  of  the  underlying  strata,  showing  the  auriferous  portion 
of  it. 

The  gold  washings  of  the  Ural  are  of  recent  date.  The 
few  there  are  on  the  western  side  were  established  by  tlie 

*  Geld  and  Gold  Mining  in  Russia, 
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Government  in  1829,  and  ihose  of  the  eastern  in  1838.  The 
proportion  of  gold  obtained  is  from  65  to  120  grains  to  4,000  lbs. 
of  the  enclosing  drift,  the  annual  production  per  man  being 
i^lbs.  in  the  private  works,  and  ijlbs.  in  the  Government 
works. 

Whitney,' writing  in  1854,  described  the  production  of  these 


Russian  gold  fields  as  having  reached  its  maximum  in  1847, 
and  as  steadily  declining,  and  likely  to  decline.  The  result  has 
been  better  than  he  anticipated.  The  entire  gold  production  of 
Russia  in  1889  being  81,792  lbs.  against  43,000  lbs.  in  1843. 


44  4  4.  MLncrtiijeddepiUL 
junjhjTitic  rocks. 


Minks  SW.  Hun 

6,  Ftlipothic  nod 


This  is  a  considerable  increase  on  the  year  1847,  with  a  pro- 
duction of  75,OQO  lbs.,  which  was  thought  exceptionally  good. 
AusTRO-HuNCARV. — Gold  has  been  mined  in  Hungaiysince 

I  Melallic  WtcUth  o/lht  Vnilfd  SlaUs. 
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the  eighth  century,  and  extensive  remains  of  ancient  workings 
still  remain,  Mines  cluster  around  the  towns  of  Schenmitz, 
Kremnitz,  and  Neusohl  in  Lower  Hungary ;  the  Amalia  mine 
near  Schemnitz  being  now  worked  for  gold  at  a  depth  of  600 
yards.  The  mode  in  which  gold  occurs  with  other  minerals 
will  be  illustrated  by  fig.  1 7,  which  is  a  section  through  the 
Oravicsa  group  of  mines  *  in  Lower  Hungary,  closely  adjoining 
Transylvania.  The  deposit  at  the  Elisabetha  Golgotha  mines 
fills  up  a  cavity  in  quartzose  and  calcareous  rocks.  The 
earthy  part  of  the  deposit  consists  of  fragments  of  limestone, 
some  of  which  are  of  large  size  and  are  rounded  by  aqueous 
action.  These,  with  quartz  fragments  cemented  together  in  a 
clayey  matrix,  fill  the  middle  part  of  the  cavity  4.  In  this 
gangue,  gold  is  found  in  separate  grains,  and  also  associated 
with  pyrites.  A  layer  of  tough  clay  two  to  three  feet  wide  is 
sprinkled  with  thick  threads  and  grains  of  gold  which  are  asso- 
ciated with  auriferous  pyrites.  Small  veins  of  quartz  and  calcite 
containing  gold  in  these  different  conditions  also  penetrate 
to  some  depth  the  underlying  calcareous  rock.  It  is  from  the 
disintegration  of  such  as  these,  probably,  that  the  metallic  de- 
posits are  derived.  The  quartz  veins  are  often  worth  100/.  per 
fathom.  The  pyrites  in  the  main  deposits  are  not  very  plentiful, 
but  they  contain  from  6  to  10  oz.  of  gold  per  ton,  and  rich 
lumps  of  gold  are  attached  to  the  boulders  of  the  deposit.  In 
the  clayey  band  gold  is  associated  with  rare  and  interesting 
minerals,  as  glaucodote,  alloclase,  bismuth  glance,  specular  iron, 
and  cobalt  blume.  In  the  central  breccia  these  minerals  give 
place  to  mundic,  lead,  and  antimony.  The  proportion  of 
silver  to  the  gold  is  one-eleventh.  The  associated  auriferous 
mundic  is  sold  at  from  7/.  to  10/.  per  ton,  and  the  bismuth  at 
22s,  per  lb.  The  gold  is  sometimes  closely  associated  with 
tellurium,  and  mineralised  by  it. 

Central  Europe. — Although  no  productive  gold  mines, 
either  hydraulic  or  underground,  are  worked  in  connection  with 
the  older  rocks  that  form  the  central  axes  of  the  mountainous 

*  See  also  Mining  youmal,  1878,  p.  140,  ei  seq. 
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network  of  Germany  and  Bohemia,  yet  these  strata  must  con- 
tam  an  appreciable  quantity  of  the  metal,  inasmuch  as  the 
sands  and  mud  of  the  rivers  Danube,  Rhine,  and  Rhone  con- 
tain small  proportions  of  gold. 

Those  of  the  Rhine  are,  or  were  recently,  worked  between 
Bale  and  Mannheim,  gold  to  the  value  of  2,500/.  being  ex- 
tracted yearly.  The  sands  worked  near  Strasburg  are  esti- 
mated to  contain  30  parts  of  gold  in  100,000,000.  Occasionally 
the  proportion  reaches  double  this  amount.  If  it  were  not  for 
the  cheapness  of  laboiu-,  gold  in  such  minute  quantities  could 
not  be  profitably  extracted.  The  wages  of  the  Rhine  gold- 
washer  are  usually  not  more  than  10^.  a  day,  sometimes  they 
reach  is.  8//.,  but  never  exceed  2s,  He  usually  treats  11 J  tons 
of  sand  per  day. 

France. — In  France  some  of  the  lead  lodes  contain  minute 
quantities  of  gold.  An  auriferous  quartz  vein,  the  only  one 
known,  occurs  in  the  older  rocks  at  Lagardette,  in  Is^re,  depart- 
ment of  the  Basses-Alpes ;  and  the  alluvium  of  the  neighbour- 
ing rivers  are  reported  to  contain  gold;  but  none  has  been 
obtained  in  recent  years. 

Spain  and  Portugal. — These  countries  are  said  to  have 
yielded  considerable  quantities  of  gold  in  ancient  times.  In 
the  time  of  Pliny,  Galicia  and  the  Asturias  were  considered 
the  richest  gold  fields  known,  yielding  20,000  lbs.  annually. 
Recently  operations  have  been  confined  to  washings  on  the 
rivers  Sil  and  Salor,  the  produce  of  which  is  estimated  at  about 
2,000/.  per  year.  With  the  influx  of  English  enterprise  and 
capital,  this  branch  of  mining  industry  in  Spain  may,  under 
safe  government,  revive. 

Italy. — Gold  was  mined  in  Italy  in  ancient  times.  It  is 
still  obtained  at  the  Pestarena  mines  near  Valanzas.  The  lodes 
which  traverse  the  older  rocks  consist  of  white  quartz  that  con- 
tain iron  pyrites,  lead,  and  blende.  When  carefully  selected  the 
lode  stuff  contains  from  9  to  i3dwts,  of  gold. 

Norway. — Gold  is  mined  in  Norway  on  the  island  of 
Bommeloen.  The  principal  mine  is  the  Oscar,  which  in  1890 
produced  546  ozs.  The  yield  was  from  2  to  5  dwts.  per  ton 
of  ore. 
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CHAPTER    VI. 

GOLD — continued. 

Gold  deposits  of  Gogofau — The  Dolgelly  District — Scotland—  Ireland— 
In  situ  and  in  Alluvial  Deposits  in  County  Wicklow. 

Britain. — In  very  minute  quantities  gold  is  present  in  the  sea- 
sand  and  river  detritus  that  occur  on  the  western  shores  of  the 
island,  where  the  older  rocks  form  the  rugged  surface.  It 
follows,  therefore,  that  these  older  rocks  must  contain  some 
proportion  of  gold  in  situ.  There  are  the  remains  of  a  mine 
at  Gogofau,  west  of  Llandovery,  in  South  Wales,  where  the 
Romans  worked  a  gold  mine  in  large  quartz  veins,  that  traverse 
slaty  strata  of  Arenig  or  Upper  Cambrian  age.  There  are  yet 
visible  the  stones  and  troughs  they  used  for  crushing  the  vein 
stuff,  and  traces  of  the  aqueduct  by  which  the  water  was  con- 
veyed for  washing.  The  veinstone  still  shows  on  analysis 
minute  quantities  of  gold  diffused  throughout  it.<  This  mine 
has  recently  been  re-opened,  and  machinery  is  now  erected 
capable  of  treating  30  tons  per  day,  but  has  not  at  the  time 
of  writing  been  started  (July,  1891).  Quartz  has  been  largely 
extracted,  estimated  to  contain  8  dwts.  of  gold  per  ton. 

The  most  important  gold  region  of  Britain  lies  on  the 
north  side  of  the  estuary  of  the  river  Mawddach,  in  Merioneth- 
shire,^  and  it  occupies  both  sides  of  that  river  as  it  bends  from 
Dolgelly  towards  the  hills  about  Trawsfynydd.  There  are  traces 
of  old  Roman  and  it  may  be  British  mines  ;  but  in  recent 
times  the  region  was  found  to  be  auriferous,  about  the  year 
1844,  by  Mr.  Arthur  Dean,  who,  on  examining  the  ore  and 
debris  heaps  of  the  Cwmeisen  lead  mines,  found  fragments  of 
ore  that  contained  as  much  as  7  oz.  of  fine  gold  to  the  ton. 

'  Sir  R.  I.  Murchison,  Siluria, 

*  Ramsay,  Geology  of  North  Wales;  Dean,  British  Associatum  RepcfU^ 
1844  ;  Calvert,  Gold  Rocks  of  Great  Britain  and  Ireland ;  J.  A.  PhUlip% 
Gold  Mining  and  Assaying, 
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This  discovery  lead  Mr.  Dean  to  examine  the  whole  of  the 
Dufifws  range  of  mountains,  when  he  found  that  many  of  the 
quartz  veins  and  lead  and  copper  lodes  of  the  district  were 
impregnated  with  gold  Trials  were  made  by  local  explorers, 
among  whom  were  Messrs.  Parry  and  Williams,  who,  after  many 
failures  and  much  trouble,  succeeded  in  making  the  discovery 
of  gold  at  the  Vigra  and  Clogau  copper  mine,  from  whence 
they  obtained  gold  to  the  value  of  36,000/.  The  importance 
of  this  discovery  (in  1854)  was,  however,  greatly  overestimated. 
A  mania  for  gold  mining  set  in.  Companies  were  formed  with 
quite  the  full  complement  of  chairmen,  directors,  secretaries, 
engineers,  managers,  and  assayers ;  costly  machinery  was  pro- 
cured and  conveyed  at  great  cost  to  this  hilly  region,  then 
destitute  of  railways.  The  result  was  disappointment,  and  the 
traveller  may  see,  as  I  often  have  seen,  in  the  remains  of  mas- 
sive and  costly  machinery  stranded  on  the  hillside,  traces  of 
the  fatal  collapse  of  the  gold  fever.  Even  the  mines  which  had 
yielded  enough  of  gold  to  remunerate  the  native  economical 
workers  collapsed  utterly  under  the  more  elaborate  and  costly 
direction.  It  may  be  well  to  place  on  record  the  names  of 
a  few  of  the  mines  that  were  started.  Among  them  were 
Berthllwyd,  Cwmeisen,  Cwmeisen  Issa,  Dolfrwynog,  North 
Dolfrwynog,  Gwynfynydd,  Tyddyn  Gwladys,  and  the  Vigra  and 
Clogau,  where  the  great  discovery  was  made.  This  mine  is 
now  the  only  one  at  work.  In  1875  it  produced  548  ozs.  of 
gold,  of  the  value  of  2,005/.  lyx.  dd.  In  1879  the  production 
was  447  ozs.  10  dwts.  15  gms. 

The  strata  in  which  the  auriferous  lodes  occur  belong  to 
the  junction  of  the  Lower  and  Upper  Cambrian  strata,  where 
the  Lingula  flags  of  the  latter  rest  upon  the  uppermost  grits 
and  quartzites  of  the  former  group.  They  consist  of  talcose  and 
steatitic  slates,  which  decompose  at  the  surface  to  an  unctuous 
clay.  Iron  and  copper  pyrites  are  disseminated  throughout 
the  rock,  and  there  are  numerous  minute  copper  veins. 

The  lodes  of  the  district  may  be  grouped  into  three  classes: 
r.  Quartz  veins  containing  ores  of  silver,  copper,  and  more 
rarely  lead  and  blende  ;  these  have  a  direction  NW.  and  SK| 
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and  dip  to  the  north.  2.  Veins  filled  with  carbonate  and 
sulphate  of  barytes,  with  lead  and  blende,  but  seldom  copper  ; 
these  are  NE.  and  SW.  veins,  dipping  south.  3.  Auriferous 
feins,  which  trend  due  E.  and  W.,  and  dip  to  the  north.  In 
width  they  range  from  a  mere  thread  to  six  inches,  and  rarely 
opening  out  to  two  or  three  yards.  These  veins  pass  through 
the  other  mineral  lodes,  and  it  is  at  the  points  of  intersection 
that  gold  is  found  most  plentifully  in  the  quartz  veins. 

It  there  occurs  in  grains,  which  often  enclose  a  minute 
grain  of  quartz  ;  in  thin  films  upon  spar,  and  where  the  quartz 
is  cellular  filling  with  other  n?inerals  the  minute  cavities.  The 
second  group  of  veins  are  the  poorest  in  gold,  even  at  the 
points  of  intersection.  It  is  in  the  crossing  of  the  groups  1 
and  3  that  the  metal  has  most  accumulated. 

At  the  Vigra  and  Clogau  mine,  the  gold  is  obtained,  or 
was  when  I  examined  it  in  1865,  firom  irregularly  branching 
veins  of  quartz,  which  are  sprinkled  with  iron  and  copper 
pyrites.  The  gold  was  then  mostly  visible  to  the  naked  eye, 
and  distinguishable  from  the  pyrites  by  its  deeper  yellow 
colour.  At  various  points  where  the  veins  cluster  together,  the 
gold  was  most  abundant,  and  these  richer  points  were  con- 
nected by  veins  and  strings  of  quartz  barren  of  gold.  In  1875 
1,216  lbs.  of  selected  quartz  from  such  points  yielded  73^  ozs. 
of  gold. 

At  Cwmeisen  mines  an  assay  of  oxides  of  iron  showed 
18  dwts.  3  gms.  of  gold  to  the  ton  of  ore.  Another  assay  gave 
of  lead  67  ozs.,  silver,  10  oz.  5  dwts.  8  gms.,  and  of  gold  1  oz. 
15  dwts. 

At  Gwynfynydd  mines  the  lodes  were  quartz,  containing 
minute  specks  of  gold  sometimes  visible  to  the  naked  eye. 
They  held  also  gold-coloured  mica,  containing  a  little  of  the 
metal,  and  the  gold  was  distributed  alternately  upon  the  hang- 
ing and  the  heading  sides  of  the  lode. 

The  Gwynfynydd  mines  ^  just  mentioned  are  now  being 
worked  under  the  name  of  the  New  Morgan  Gold  Mining 
Company,   Limited,  which  was  registered  in   1888  for  the 

»  Note  by  E.  II.  D. 
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purpose  of  taking  them  over  as  a  going  concern,  then  under 
the  name  of  the  Morgan  Gold  Mine.  Dividends  were  paid  in 
1888  and  1889  amounting  to  10,500/.  for  the  first  nine  months' 
work ;  and  according  to  the  Annual  Report  issued  on  June  30, 
1889,  the  total  amount  of  gold  produced  during  the  year 
was  5,764  OZ5.,  of  a  value  of  19,735/.  4s,  id,,  from  the 
crushing  of  5,211  tons  of  quartz,  equal  to  an  average  yield 
of  I  oz.  2  dwts.  3  gms.  per  ton  of  ore.  The  mine  produced 
from  the  commencement  of  its  operations  in  1888  up  to  the 
end  of  June  1889  a  total  of  10,590  ozs.  8  dwts.  2  gms.  of  gold, 
of  a  value  of  34,717/.  i9jr.  4//.,  extracted  from  6,632  tons  of 
quartz,  being  an  average  yield  of  i  oz.  11  dwts.  22  gms.  per 
ton. 

The  mine  passed  through  a  period  of  depression  in  1890, 
and  the  company  was  reconstmcted  in  that  year,  and  opera- 
tions recommenced  in  1891.  The  mill  is  the  largest  and  best 
arranged  in  the  Principality,  and  has  forty  head  of  stamps. 
The  motive  power  is  water,  with  auxiliary  steam  in  times  of 
drought.  Rock  drills  are  extensively  used  in  the  mine,  and 
the  cost  of  working  has  been  reduced  to  about  3  dwts.  per  ton. 

The  following  are  the  retums  for  the  first  months  of  1891, 
as  reported  by  the  manager  : — 


— 

Qaartz  crashed 

Gold  recovered 

Yield  per  ton  of  Quartz 

Tons    Cwts. 

Ozs.    Dwts. 

Ozs.    Dwts.  Grs. 

February 

2      16 

282     13 

100     18     22} 

-       5      4 

>> 

874       0 

221        6 

March     . 

1,450       0 

380       0 

-       5      5, 

April 

1,520       0 

420     10 

-  5     I2| 

-  5    16J 

May 

1,360       0 

386       0 

June,  first  half 

/     475      0 » 
I     700      0* 

71        0 
186       0 

—  3      0 

—  5      7 

One  of  the  great  drawbacks  to  successful  gold  mining  in 
Wales  is  the  heavy  royalty  exacted  by  the  Crown,  and  which 
amounts  to  one-thirtieth  of  the  gross  yield  of  gold.  Attempts 
are  continually  being  made  in  Parliament  to  ol^tain  a  reduc- 


*  From  the  Big  Lode. 


'  From  the  Chid  law  Lode. 
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tion  of  this  charge,  which  practically  puts  a  stop  to  the  develop- 
ment of  the  industry,  but  hitherto  they  have  been  unsuccessful, 
and  as  a  consequence  several  mines  which  would  otherwise 
yield  a  fair  dividend  are  neglected. 

At  Cefn  Deudwr,  the  farm  or  sheepwalk  immediately  west 
of  the  Gwynfynydd,  or  Morgan  Gold  Mines,  gold  has  been 
found,  both  in  the  numerous  quartz  veins  which  intersect  the 
property,  some  of  the  principal  of  which  are  the  continuation 
westward  of  those  in  the  Morgan  property,  and  also  in  the 
alluvial  soil  and  gravel  which,  filling  up  the  rough  edges  of  the 
outcropping  rock,  form  the  surface  of  the  hill. 

The  alluvial  gold  is  found  generally  in  the  immediate  neigh- 
bourhood of  the  lodes,  and  would  doubtless  be  turned  to  good 
account  if  this  property  is  ever  worked. 

The  following  is  the  official  return  of  the  gold  obtained 
from  the  Merionethshire  mines  in  the  year  1890.^  No  gold 
was  obtained  from  any  other  mines  in  the  United  Kingdom 
during  that  year. 


Name  of  Mine 


Ovracrs 


Quan- 
tity. 
Tons 


Clogdu,  Bontddu 

Moel  Ispri,  Lllanellyd 
Morgan,  Dolgelly 


Clogau  Gold  Mines, 

Ld. 
Blende  Mng.  Co.,  Ld. 
New    Morgan    Gold 

Mining  Co.,  Ld. 


4 
16 

555 


Gold 
ob- 
tained. 
Oza. 


2 

3 


201 


Totals  for  1S90 
18-9 


575  !     206 


»» 


6,226 !  3,890 


Value  of  the 
Ore  at  the 

Mine, 
estimated 


£4^ 


;f434 


;£^IO,746 


The  value  of  the  206  ozs.  of  gold  was  675/. 

At  Dolfrwynog  the  chief  gold-bearing  lode  was  quartz,  with 
a  branch  of  sulphate  of  baryta  running  through  it.  On  each 
side  of  the  barytes  was  a  seam  of  lead,  which  in  places  gave  as 
much  as  from  50  to  60  ozs.  of  gold  to  the  ton. 


*  Mineral  Statistics  of  the  United  Kingdom  for  the  year  1890. 
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At  Berthllwyd  blende  ore  was  found,  in  which  the  con- 
tained gold  ranged  from  i  to  60  ozs.  per  ton,  with  a  fair 
proportion  of  silver. 

The  Welsn  gold  was  all  of  a  pale  colour,  owing  to  the  pre- 
sence of  silver.  Specimens  obtained  by  Mt.  Readwin  from 
Gwynfynydd  were  18  carats  fine,  one  from  the  bed  of  the  river 
Cain  was  18  carats  fine,  and  a  crystal  of  gold  picked  up  to  the 
west  of  the  south  end  of  Bala  Lake  was  only  14  carats  fine. 
The  present  value  of  the  gold  derived  from  the  Clogau  mine 
is  about  3/.  iSs,  per  oz. 

It  remains  to  be  seen  whether,  with  strict  economy  and 
with  the  use  of  the  most  approved  appliances  for  mining  and 
dressing  the  ores,  these  North  Wales  gold  mines  can  yet  be 
made  to  pay.  In  a  report  of  the  Clogau  mine,  issued  in  1875, 
it  was  stated  that  the  yield  of  the  rough  ores  was  from  7  to 
8  dwts.  per  ton.  If  this  quantity  could  be  depended  upon 
for  any  considerable  length  of  the  lodes  the  mine  should  be 
profitably  worked.  From  one  of  the  rich  clusters  of  veins 
before  alluded  to,  9,310  tons  of  ore  gave  12,416  ozs.  of  gold, 
22  carats  fine,  or  nearly  i^oz.  to  the  ton.  The  following 
analyses  of  two  samples,  by  the  late  Mr.  David  Forbes,  will 
show  the  character  of  the  gold  from  this  mine  : 


Gold        .         .         .         . 

90-16 

8983 

Silver       .     •   . 

0926 

09-24 

Copper  and  Iron 

trace 

trace 

Quartz 

00-32 

00 -74 

Loss 

00-26 

00-19 

loo-oo 


100 'GO 


Scotland. — Gold  has  been  found  in  Scotland  to  some 
little  extent,  in  strata  similar  to  those  just  described.  The  men 
of  the  mining  district  of  Leadhills,  in  Lanarkshire,  have  oc- 
casionally employed  their  leisure  time  in  searching  for  the  metal 
among  the  alluvial  deposits  and  mine  d^ris  of  the  district 
Gold  is  also  found  in  the  drift  of  Sutherland,  and  it  has  been 
traced  up  the  valleys  to  a  great  body  of  metamorphic  rocks, 
which  are  pierced  by  intrusive  granites. 
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Ireland.* — Gold  is  found  in  j/A/  in  county  Wicklow,  where 
it  is  sprinkled  throughout  the  sulphur  course  referred  to  in 
Chapter  XVII.  and  shown  in  fig.  56.  The  proportion  is  greatest 
in  the  decomposed  or  gossany  upper  portion  of  the  course. 
Two  analyses  gave  respectively  7  dwts.  1 2  gms.  and  1 7  dwts. 
i2gms.  Subsequent  analyses  have  given  a  smaller  result. 
The  returns  from  this  source  for  the  year  1878  only  amounted 
to  5  oz.  3  dwts.  1 7  gms. 

Detrital  gold  was  discovered  in  the  same  county  in  the 
year  1796,  in  the  Balinvalley  brook,  a  tributary  of  the  Ovaca 
river.  In  the  autumn  of  that  year  hundreds  of  people  were 
engaged  in  digging  and  searching  for  gold.  In  about  six  weeks 
from  the  time  of  the  discovery  the  Government  took  posses- 
sion of  the  place  and  guarded  it  with  soldiers.  Under  the 
direction  of  some  local  gentlemen  of  mining  repute,  systematic 
operations  were  conducted,  with  little  profit,  until  1798,  when 
the  works  were  destroyed  in  the  rebellion  of  that  year.  The 
works  were  resumed  in  1801,  and  further  explorations  were 
made  in  the  neighbourhood.  Various  attempts  have  since 
been  made  by  private  adventurers  and  mining  companies,  but 
these  have  from  time  to  time  been  abandoned. 

The  gold  seems  to  have  been  derived  from  the  ferruginous 
quartz  ridges  that  traverse  the  granitic  and  gneissoze  rocks  that 
form  the  bases  of  the  mountain  range,  and  also  firom  deposits 
like  the  sulphur  course  described  in  Chapter  XVII.  The  gold  lay 
dispersed  through  a  layer  of  gravel  and  clay,  which  was  covered 
with  from  20  to  50  feet  of  superficial  drift.  With  the  gold  was 
associated  magnetic  ironstone,  copper  and  iron  p5Tites,  and 
oxide  of  manganese.  The  gold  occurred  in  grains  and  nug- 
gets, from  the  most  minute  in  size  up  to  a  nugget  weighing 
22  ozs.  Analyses  of  the  gold  gave  of  gold  92*32,  silver  6 '17, 
and  of  iron  078. 

It  is  estimated  that  the  peasantry  during  their  six  weeks' 
work  obtained  800  ozs.  the  Government,  from  1796  to  1802, 
944  ozs.,  and  the  Carysfoot  Mining  Company,  from  1857  to 
1862,  85  ozs. 

>  W.  W.  Smyth,  Mines  of  WUklm ;  Records  of  the  School  of  Mina^ 
▼ol.  i. ;  Weaver,  Trans,  Gtol.  Society^  Tol.  v. 
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CHAPTER    VII. 

GOLD — continued. 

Eastern  North  America— New  England  States— Virginia— Nova  Scotia- 
New  Brunswick— Lake  Superior— California  and  the  Western  States 
— ^Alluvial  Deposits— Gold-bearing  Strata — Statistics. 

Eastern  America. — ^The  eastern  slopes  of  the  Appalachian 
mountains  appear  to  be  among  the  oldest  gold-producing  coun- 
tries of  the  North  American  Continent.  Gold  washings  seem  to 
have  been  carried  on  in  very  early  times  by  the  Indians  in  the 
Nacooche  Valley,  Georgia,  where  an  Indian  mining  village  was 
found  by  some  modem  miners  buried  nine  feet  below  the 


«  I  I  I 

Fig.  i8.— Idbax.  Section  across  the  Appalachian  Chain. 

z  1 1,  Cambro-Silurian,  consisting  in  Canada  of  Potsdam  sandstone,  Trenton  limestone, 
Utica  slate,  and  Hudson  River  group,  a  a  3,  Silurian  (in  Canada,  Gasp^  limestone, 
fee),    333,  Devonian.    444,  Lower  Carboniferous  rocks  and  sands.    5,  Coal*fields. 

surface  of  the  ground.  There  were  thirty-eight  low  timber 
houses,  all  in  a  row,  with  their  foundations  laid  in  golden  gravel, 
and  relics  of  rude  mining  appliances  lay  about.  When  first 
found  the  land  was  covered  with  a  rich  undergrowth  of  timber. 
The  sources  of  the  gold  in  this  eastern  region  lie  in  the  base 
ment  strata  of  the  Appalachian  and  Alleghany  chain  of  moun- 
tains, which,  starting  in  the  dominion  of  Canada  and  ramifying 
through  Nova  Scotia,  run  down  the  New  England  States,  Vir- 
ginia, the  Carolinas,  to  Alabama  and  the  Gulf  of  Mexico. 

Fig.   18  will  convey  an  idea  of  the  general  structure  of 
these  mountains  as  they  pass  through  Pennsylvania. 
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In  fig.  19  we  have  the  intimate  structure  of  the  older  rocks 
about  the  gold  mines  in  Virginia ;  and  the  diagram  may  be  taken 
as  a  sufficient  illustration  of  the  condition  under  which  gold  is 
found  all  along  the  range  from  Canada  and  Nova  Scotia  on 
the  north  to  Georgia  on  the  south. ^ 

In  Virginia  gold  is  worked  in  syenitic  and  slaty  rocks,  into 
the  composition  of  which  the  usual  materials — chlorite,  felspar, 
mica,  silex,  and  talc — enter  with  varying  proportions.  Quartzose 
beds,  that  alternate  with  the  slates  and  veins  of  quartz,  traverse 
the  whole  series.  These  quartz  beds  and  veins  are  cellular  in 
structure,  are  readily  broken,  and  contain  water.  They  are 
frequently  tinged  with  the  red  and  brown  oxides  of  iron,  and 
contain  copper  and  iron  pyrites.  Throughout  this  mineralised, 
quartz  the  gold  is  scattered  in  small  bunches  and  separate 
grains.     It  is  also  sparsely  sprinkled  throughout  the  slaty  beds. 


A  I  2  I  2      I 

Fig.  19.— Skctio>^  of  Strata  at  Woodville,  Virginia. 

The  veins  are  nearly  perpendicular.  Their  direction  is  from 
NW.  to  SE.,  and  they  are  often  of  large  size.  They  are  more 
regular  and  continuous  in  the  syenitic  rocks.  The  gold  from 
the  slaty  portion  of  the  lodes  is  more  flaky  than  from  the 
syenite.  The  quantity  of  gold  contained  in  the  productive 
quartz  varies  in  value  from  25X.  to  20/.  per  ton. 

Near  Woodville  the  interbedded  quartz  takes  the  form 
shown  in  fig.  19  :  a  is  the  basement,  granite,  and  gneiss ;  i  i  i 
are  thin  beds  of  buff  and  yellow-coloured  talcose  slate ;  2  2 
are  auriferous  beds  consisting  of  quartz  and  slate,  with  much 
brown  ore,  and  some  iron  pyrites.     The  gold  is  most  plentiful 

»  See  Whitney,  Metallic  Wealth  of  the  United  States;  Kenwood, 
Metalliferous  Deposits;  Morton,  Engineering  and  Mining  Journal  of  New 
Yotk,  vol.  XXV.  p.  182. 
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in  the  brown  ore  and  in  the  joints  and  cavities  of  the  bed. 
As  in  Brazil,*  the  gold  is  most  plentiful  when  the  iron  ore  and 
quartz  are  combined,  and  most  scarce  where  either  is  alone. 

The  usual  proportion  of  gold  from  these  beds  is  6  dwts.  to 
the  ton  of  ore,  and  there  is  some  silver  in  addition.  As  a  rule 
where  the  gold  is  most  abundant  in  these  beds  it  is  poorest  in 
quality.     Traces  of  galena  are  sometimes  found. 

There  are  alluvial  works  on  the  lower  lands,  and  in  Louisa 
County  successful  operations  have  at  various  times  been  carried 
on,  during  which  nuggets  varying  in  weight  from  one  to  several 
ounces  have  been  found. 

Southward,  both  alluvial  and  underground  mining  for  gold 
have  been  carried  on  in  the  counties  of  Cabarris,  Lincoln,  and 
Mecklenberg,  North  Carolina ;  and  in  Union,  Lancaster,  and 
Chesterfield  districts,  South  Carolina ;  also  in  Georgia. 

Nova  Scotia. — Passing  along  the  mountain  chain  and  its 
spurs  north  and  north-eastward,  a  few  words  will  be  necessary 
respecting  the  increasingly  important  gold  districts  of  Nova 
Scotia,  New  Brunswick,  and  Lake  Superior.  In  Nova  Scotia 
the  Rev.  David  Honeyman  found  gold  in  the  year  1861,  at  the 
junction  of  the  Truro  and  Halifax  railways.  It  occurred  in 
chloritic  schists  of  Upper  Cambrian  age  that  contained  auri- 
ferous quartz  veins.  In  1863  the  yield  of  gold  had  increased 
14,001  ozs.  The  production  of  this  region  in  1877  was 
8,200  ozs.,  much  of  which  was,  from  the  alluvial  deposits,  de- 
rived from  the  denudation  of  the  auriferous  strata. 

The  official  returns  for  1890  show  that  the  Dominion  of 
Canada  produced  65,014  ozs.,  of  a  value  of  233,205/.,  in  that  year. 

In  central  New  Brunswick  gold  is  found  in  river  valleys, 
derived,  as  in  other  cases,  fv6m  the  quartz  veins  tliat  intersect 
the  rocks  of  the  district. 

Far  away  to  the  NW.,  on  the  northern  shore  of  Lake 
Superior,  about  Thunder  Bay,^  similar  strata  to  those  of 
Nova  Scotia  are  interstratified  with  Trappean  beds,  similar  to 
the  gold-bearing  rocks  of  North  Wales.  Veins  bearing  gold 
traverse  these  from  E.  to  W.,  in  which  free  gold  is  disseminated 

*  See  Chap.  VIII.        •  Nicholson,  Quarterly  J  cum.  Geological  Soc, 
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in  copper  pyrites,  with  occasionally  galena,  silver  glance, 
Imetallic  silver,  and  iron  pyrites. 

California  and  the  Western  States  of  America. — 
From  the  western  side  of  the  Appalachian  Mountains  the  older 
strata  bearing  gold  dip  under  the  secondary  rocks  that  underlie 
the  great  plains  of  Central  North  America.  They  protrude  in 
minor  ridges  here  and  there,  and  at  last  finally  emerge  amidst 
the  grand  scenery  of  the  Rocky  Mountains.  This  mountain 
chain,  consisting  of  its  great  central  ridge  of  the  Sierra  Nevada, 
with  the  parallel  ridges  of  t)Tah  on  the  east,  and  the  coast 
range  of  California  on  the  west,  starts,  as  I  have  said,  far 
away  to  the  north,  in  British  Columbia,  and  courses  down  the 
western  side  of  the  North  American  continent  to  Mexico  and 
the  south. 

It  was  on  the  western  side  of  the  coast,  or  Califomian  range 
of  mountains,  on  the  American  Fork,  near  its  junction  with  the 
Sacramento,  that  gold  was  found  in  the  drift  of  the  river  valleys 
and  plains  in  the  year  1848.  A  saw  mill  had  been  erected  by 
Colonel  Sutter,  a  retired  officer,  and  on  the  first  rush  of  water 
through  the  newly-formed  milhacc,  an  accumulation  of  shining 
yellow  particles  became  apparent,  which  were  soon  recognised 
by  Mr.  Marshall,  the  owner  of  the  soil,  as  gold.  Although  the 
attempt  was  made  to  keep  the  matter  a  secret,  by  the  begin- 
ning of  July  San  Francisco  was  emptied  of  its  inhabitants,  and 
on  the  arrival  of  Colonel  Mason,  the  then  Governor  of  Cali- 
fornia, on  the  spot,  he  found  four  thousand  gold  diggers  and 
washers  at  work,  who  were  supposed  to  be  earning  7,000/.  or 
8,000/.  per  day. 

The  tide  of  immigration  flowed  rapidly  during  the  early 
part  of  1849.  ^y  J^^y  ^SjOoo  Mexicans  and  Chilians  were 
supposed  to  be  on  the  ground,  and  by  the  close  of  the  year  it 
was  computed  that  45,000  Americans  and  5,000  foreigners  were 
working  at  the  diggings.  And  the  yield  of  gold  for  the  year 
1850  was  estimated  at  10,000,000/ 

The  present  magnitude  of  alluvial  gold  mining  in  California 
may  be  mferred  from  the  statement  that  in  1873  there  were 
775    mining  ditches  situated  in  twenty-five  counties.     The 
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ditches  were  of  an  aggregate  length  of  4,863  miles,  along  which 
water  flowed  daily  to  the  extent  of  300,000,000  cubic  feet  It 
is  supposed  that  of  the  gold  contained  in  the  drift  of  that  date, 
three-fifths  were  secured.  In  the  early  days  of  excitement  and 
prosperity  a  very  large  proportion  ran  to  waste,  so  that  the 
Chinese  setders  following  here,  as  elsewhere,  in  the  wake 
of  the  Europeans,  made  a  living  out  of  the  leavings  of  the 
latter.  The  total  yield  of  gold  from  California  for  1877  was 
jjf  1 5,000,000. 

After  the  discovery  of  gold  at  Sutter's  Mill,  the  drift  of 
Feather  River,  another  tributary  of  the  Sacramento,  eighteen 
miles  to  the  north,  was  found  to  be  auriferous  in  its  higher 
reaches.  Stream  after  stream  was  searched  and  found  to  flow 
over  golden  sands. 

The  drift  was,  of  course,  also  followed  into  the  neighbour- 
ing territories,  Lower  California,  Nevada,  Colorado,  Arizona, 
and  New  Mexico,  and  in  each  country  finally  traced  to  its 
source  in  the  mountains. 

From  the  accidental  discovery  of  gold  in  the  millrace  at 
Sutter's  Mill,  only  forty  years  ago,  have  sprung  gold  mining 
operations  the  magnitude  of  which  may  be  estimated  by  the 
returns  lately  given  for  the  year  1889  of  the  production  of  gold 
in  the  Western  States  of  America.*     These  are  as  follows  : 

Arizona 43f537  ounces. 

California 628,875      » 

Colorado 169,312      ,, 

Montana 169,312      ,, 

Nevada 145,125      ,, 

1,156,161       „ 

The  total  weight  of  gold  produced  in  the  States  for  the 
same  year  was  1,594,775  ozs.,  of  a  value  of  ^^3 2, 96 7, 000. 

As  might  be  expected  from  the  same  geological  conditions, 
both  as  to  the  stratification  of  the  mountains  and  the  composi- 
tion of  the  drift,  continuing  northwards  into  British  Columbia, 
similar  results  have  been  attained  there.  The  yield  of  gold 
has  reached  one  million  dollars  yearly,  and  at  the  present 

>  Production  of  Gold  and  Stiver  in  United  States,    Leech. 
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time  the  excitement  of  new  discoveries  and  the  flow  of  gold- 
seekers  thither  is  very  great. 

The  gold-bearing  drift  *  stretches  westward  from  the  flanks 
of  the  Sierra  Nevada,  a  distance  of  about  sixty  miles.  It  is,  ot 
course,  made  up  of  the  detritus  of  the  great  mountains  on  the 
east.  Its  thickness  varies  considerably.  On  exposed  surfaces 
and  ledges  of  rock  it  consists  of  a  few  pebbles  only,  but  it 
accumulates  in  the  hollows  and  flats  lying  between  the  higher 
ridges  of  strata,  as  represented  in  fig.  20,  to  a  depth  of  from  six 
feet  to  several  hundred  feet.  Its  usual  composition  in  such 
places  is  on  the  surface  a  reddish  loam  mixed  with  small  gravel 
Underneath  this  is  a  bed  of  rolled  boulders,  some  of  which 
weigh  from  two  to  three  tons.  These  boulders  rest  upon  a  bed 
of  gravel,  that  fills  up  the  inequalities  of  the  basement  rock, 
and  it  is  throughout  this  lower  gravel  that  the  gold  is  diffused. 
The  whole  series  of  the  drift  is  often  capped  by  a  hard  con- 
glomerate set  in  clay,  which  has  helped  to  preserve  the  deposits 
from  denudation.  I'here  are  also,  both  underlying  the  present 
river  channels  and  sometimes  hidden  altogether  under  the 
drift,  old  river  beds  of  great  size  and  depth.  These  when 
struck  and  found  to  be  auriferous  are  called '  leads.*  The  largest 
known  of  these,  and  one  which  may  be  taken  as  an  example 
of  the  rest,  is  the  Big  Blue  Lead.  It  has  been  traced  from 
NW.  in  Sierra  County,  SE.  to  Forest  Hill  in  Placer  County, 
California,  a  distance  of  sixty-five  miles.  Its  depth  ranges 
from  one  to  three  hundred  feet.  Gold  is  distributed  throughout 
the  whole  of  this  drift,  which  contains  a  preponderance  of 
quartz  boulders,  some  of  which  near  the  bottom  of  the  old 
river  bed  weigh  twenty  tons.  The  particles  of  gold  are  found 
of  larger  size,  and  contain  more  silver,  at  the  bottom  than  the 
top  of  this  ancient  drift,  and  are  worth  less  by  about  2s,  6d,  per 
ounce.  It  is  supposed  that  this  difi*erence  in  quality  is  caused 
by  the  larger  size  of  the  fragments  below  resisting  more 
effectually  the  action  of  sulphuric  acid,  which,  set  free  by  the 

'  Mining  Siatisiks  West  of  the  Rocky  Mountains ^  Raymond,  1870 ; 
Whitney,  Mttallic  Wealth  of  the  United  States;  En^ish  Mining  Jour- 
not,  1877. 
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decomposition  of  pyrites,  has  eaten  the  silver  out  of  the  smaller 
grains  at  the  top  of  the  deposit. 

The  quantity  of  gold  in  this  lowest  drifl  varies  a  good  deal 
At  the  top  of  the  drift  of  the  Big  Blue  Lead  just  described,  the 
proportion  varies  in  value  from  2^.  to  Ss.  per  cubic  yard,  but 
many  places  near  the  base  have  yielded  10/.  to  the  cubic  yard, 
or  leaving  out  the  big  boulders,  to  two  or  three  cubic  feet 
Gold  to  the  amount  of  2s.  per  bushel  of  dirt  is  also  a  common 
estimated  quantity  in  the  higher  hollows  of  the  mountains,  and 
the  following  are  some  recent  particulars  of  less  rich  deposits 
in  California  : 

In  Nevada  County,  275  cubic  yards  of  drift  gave  gold  equal 
to  7^//.  per  cubic  yard. 

Another  claim  in  the  same  county,  from  16,000,000  cubic 
yards  of  drift,  gave  15//.  to  the  cubic  yard. 

In  Placer  County  43,000,000  cubic  yards  in  the  Gold 
Run  district  gave  2^rf.  per  cubic  yard,  and  in  Yuber  County 
25,000,000  cubic  yards  from  Smartsville  gave  12^//.  per  cubic 
yard. 

The  gold  is  ordinarily  found  in  thin  scales  and  minute 
grains,  also  in  plates  and  lumps,  and  occasionally,  especially 
high  up  the  valleys,  in  lumps  weighing  many  pounds.  Each 
particular  locality,  however,  presents  its  own  variety  of  gold,  in 
colour,  size,  and  shapes  of  the  grains. 

Recently  the  shore  sands  of  California,  and  the  western 
coast  generally,  often  black  in  colour,  have  been  proved  to  be 
auriferous,  and  efforts  are  now  directed  towards  the  profitable 
extraction  of  the  gold  from  them. 

This  description  of  the  auriferous  driftal  deposit  of  California 
will  be  generally  applicable  to  the  like  deposits  northward  into 
British  Colimibia,  and  southward  into  Mexico. 

The  whole  of  these  vast  deposits  of  detrital  gold  are  trace- 
able, as  in  all  the  other  instances  given,  to  the  quartz  veins  and 
lodes  that  intersect  the  strata  of  the  lofty  mountains,  and  to 
the  grains  of  gold  that  are  disseminated  throughout  the  granitic 
rocks  that  lie  at  the  base  of  the  series.  The  region  is  so  vast, 
i^)d  was  so  recently  an  unknown  country  to  white  meOi  that 
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although  the  United  Slates  Government  has  tts  scientific  ex- 
ploring parties  constantly  at  work,  wc  have  as  yet  but  few 

detailed  sections  of  the  strata  of  these  mountain  ranges.  The 
section,  tig.  lo,  shows  the  general  geological  structure  of  the 
region,  and  it  will  help  us  when  we  come  to  speak  of  silver  to 
define  the  metalliferous  zones  of  strata. 

The  strata  that  look  so  orderly  in  the  section  have  been 
upheaved,  tossed,  and  sculptured  into  the  grandest,  wildest, 
and  most  fantastical  forms.  There  are  conical  peaks  ia,ooo  to 
14,000  feet  high— great  north  and  south  ridges,  now  terraced, 
and  again  strewn  with  cyclopean  ruins.  Winding  through  these 
ridges,  and  cutting  perpendicular  walls  3,000  feet  high,  are  great 
ravines  or  canons,  which  debouch  as  valleys  in  the  open  plain. 
Between  these  rav  nes  the  stra  a  are  often  worn  and  ^tted 


away  so  as  on  y  to  lea  e  p  lars  and  butt  esses  iuiUt  pomt 
ing  towards  the  skj  Sno  v  mantles  around  the  h  gher  peaks 
and  terraces  dunng  the  w  nter  taxing  togethe  w  th  the  fierce 
play  of  he  w  nds  the  ngenu  y  and  ene  gy  of  the  mme  who 
even  up  there  is  burrowing  and  delving,  if  not  to  become  nch, 
at  least  that  he  may  live. 

Turning  now  more  particularly  to  the  section,  fig.  20  :  i 
represents  the  central  granitic  and  gneisSLC  rocks  of  the  moun- 
tain chain.  They  are  probably  of  Lower  Cumbrian  age.  The 
granite  is  often  coarse,  and  easily  decomposed.  2  shows  the 
oveiljdng  slates  and  sandstones.  The  slates  have  undergone  a 
good  deal  of  change  and  hardening,  which  has  destroyed  any 
Ibssil  remains  they  may  have  contained.    They  are  crystalline, 
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and  are  both  interbedded  and  intersected  by  porphyritic  and 
serpentine  rocks.  They  make  on  the  surface  a  series  of  ridges 
parallel  to  the  main  aids  of  the  great  chain.  They  and  the 
underlying  rocks  are  traversed  almost  all  along  their  strike  by 
numerous  quartz  lodes,  or  ledges,  as  they  are  locally  called, 
from  their  width,  and  from  the  fact  that  they  stand  above  the 
edges  of  the  surroimding  strata.  This  is  the  case  where  the 
quartz  is  free  from  the  oxides  and  sulphides  of  iron,  and  is 
consequently  white  in  colour,  and  compact  and  hard  in  textiure. 
Where  these  iron  ores  are  present  the  quartz  is  coloured  red, 
and  the  upper  portion  of  the  lodes  is  decomposed.  Lodes  of 
the  latter  character  occur  more  frequently  in  some  of  the  more 
inland  and  southern  States.  Throughout  these  lodes  gold  is 
unequally  distributed.  2A  consists  of  a  vast  series  of  crystalline 
and  metamorphic  rocks,  green,  grey,  purple,  and  blue  slates, 
gneiss  and  gneissic  rocks,  which  over  large  areas  are  changed 
into  quartzite  of  an  almost  uniform  texture  of  a  bright  and 
clean  grey  colour.  This  series  has  been  proved  to  be  the  equiva- 
lent of  the  Potsdam  sandstone,  which  is  in  its  turn  the  equiva- 
lent  of  our  Lingula  and  Tremadoc  beds,  or  Upper  Cambrian 
group  of  strata.  It  follows  and  flanks  on  either  side  the  central 
range  from  British  Columbia  to  Mexico,  forming  a  belt  on  the 
western  side  of  more  or  less  continuity,  and  of  a  very  great 
width.  Everywhere  throughout  this  vast  extent  of  country  gold 
is  sparingly  disseminated  throughout  the  entire  mass.*  At 
several  great  centres  of  disturbance,  as  at  Mount  Lincoln  in 
Colorado,  Bald  Mountain  in  Montana,  in  Western  Oregon,  and 
in  Northern  California,  it  abounds  in  gash  veins  that  contain 
the  purest  kinds  of  gold.  3  consists  in  the  lower  part  of 
Devonian,  and  in  the  upper  part  of  Carboniferous  limestones, 
with  their  interstratified  shales  and  sandstones.  With  the  ex- 
ception of  iron  ores,  they  form  the  uppermost  limit  of  the  metal- 
bearing  strata  of  the  region,  and,  as  we  shall  see,  contain  on  the 
eastern  side  of  the  chain  the  great  silver-bearing  deposits  of 
Nevada  and  Utah.     Gold  does,  however,  occur  in  the  newer 

>  See  also  Engineering  and  Mining  yountal  of  New  Vcri,  December  8, 
1877,  p.  144. 
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Strata  partly  in  contact  deposits  and  partly  in  driftal  and  re- 
deposited  materials  derived  from  the  older  strata.  4  are  the 
Coal-measures,  for  the  most  part  overlapped  by  the  Triassic 
rocks,  5 ;  but  recently  workable  coal  seams  have  been  foimd 
in  the  hollows  and  plains  of  Colorado,  which  is  a  matter  of 
the  first  importance  for  this  mining  region,  especially  as  the 
hillsides  are  cleared  of  timber.  6  are  the  Oolitic,  7  the  Liassic, 
and  8  the  Tertiary  group  of  strata.  Overlying  the  whole  of  these 
groups  are  the  driftal  deposits,  9,  containing  the  redeposited 
gold  Good  mining  results  have  thus  far  been  attained  to  a 
depth  of  1,900  feet.  The  highest  hydrauHc  and  underground 
mines  of  this  region,  and  indeed  in  the  world,  are  those  of  the 
Little  Annie  and  Summit  Rio  Grande,  County  Colorado.  The 
former  are  11,000,  and  the  latter  12,000  feet  above  the  sea. 
There  are  only  about  no  days  when  any  outdoor  work,  save 
felling  timber,  is  possible,  and  during  three  years  July  has  been 
the  only  month  in  which  snow  did  not  fall.  The  annual  snow 
fall  is  24  feet.  The  latter  mine  is,  notwithstanding  its  height 
successfully  worked,  the  quartz  yielding  gold  to  the  value  of 
6/.  per  ton.  Ordinarily  the  proportion  of  gold  is  less  than  this 
amount.  I  have  before  me  the  statistics  from  seven  ordinarily 
paying  gold  mines  in  California,  the  average  production  of  gold 
to  the  ton  of  quartz  from  which  is  2/.  loj-. 

The  total  amount  of  gold  produced  by  the  United  States 
from  1848  to  the  close  of  1874  was  250,000,000/.,  of  which 
about  three-fourths  were  produced  by  California  alone.  A  con- 
tinuous yield  of  three-eighths  to  half  an  ounce  of  gold  to  the 
ton  of  quartz  is  considered  equal  to  profitable  working. 
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CHAPTER    VIII. 

GOLD—continuecU 

Central  America — ^Venezuela — Brazil — History  of  Gold  Mining  in  Biadl 
— Mines  of  Congo  Soco  and  St.  John  del  Rey — Analysis— Other  Coun* 
tries  of  South  America. 

Central  America. — In  proceeding  southward,  to  describe  the 
important  gold  mines  of  Brazil,  I  may  notice  in  passing  that 
gold  was  discovered  in  Nicaragua  in  1850.  It  was  worked  in 
a  rude  manner  until  1864,  when  an  examination  of  the  country 
was  made  by  Mr.  W.  C.  Paull.  Shortly  afterwards  the  Chon- 
tales  mines  were  established,  further  south.  Here,  as  in  the 
region  just  described,  gold  is  found  in  quartz  veins  that  traverse 
metamorphic  rocks. 

Venezuela. — In  Venezuelan  Guiana,  gold  was  discovered  by 
Dr.  Passard  in  the  bed  of  the  Yururari  River,  in  1849,  and  this 
place  has  been  supposed  to  be  the  El  Dorado  of  Sir  Walter 
Raleigh.  Doubtless,  as  these  Central  States  and  Northern 
States  of  the  South  American  continent  become  more  settled 
in  their  government,  mining  enterprise  will  develop.  Gold, 
along  with  silver,  is  already  being  worked  to  a  limited  extent  by 
an  English  company  in  Venezuela.     Let  us  now  pass  on  to 

Brazil. — This  is  one  of  the  oldest,  as  it  is  still  one  of  the 
most  important,  of  gold-producing  countries.  Gold  mining 
operations  are  chiefly  conducted  in  the  province  known  as  the 
Minaes  Geraes.  This  district  lies  in  the  southern  part  of  the 
country,  and  is  situated  between  the  two  great  ranges  of  moun- 
tains that  run  in  a  south-westerly  direction  from  the  north-east 
comer  of  Brazil  The  district  is  about  one  hundred  miles  in 
length,  having  the  towns  of  Villa  Rica  and  St  John  del  Rey, 
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with  the  mines  that  cluster  around  them,  in  the  south,  and  the 
mines  of  Congo  Soco  in  the  .north,  the  distance  between  the 
two  groups  of  mines  being  about  eighty  miles. ^ 

Gold  was  known  to  exist  in  the  south  of  this  region  in  the 
year  1543,  when  the  Indians  made  their  fish-hooks  and  per- 
sonal ornaments  from  it.  The  first  white  man  that  found  it  was 
Antonio  Rodrigo,  who  discovered  it  on  the  banks  of  the  Riveao, 
a  small  stream  that  falls  into  the  larger  river  since  known  as  the 
Rio  des  Mortes,  near  the  towns  of  St  Jose  and  St.  John  del 
Rey.  Rodrigo,  dying  shortly  afterwards,  was  followed  by  his 
son,  and  he  by  the  Paulistas,  or  people  of  St.  Paul's,  to  which 
district  he  belonged.  The  Paulistas,  fighting  over  their  booty, 
killed  each  other  in  considerable  numbers,  and  so  gave  the 
name  of  River  of  Death  to  the  stream  on  whose  banks  they 
fought. 

The  banks  of  this  stream  soon  became  furrowed  and  bur- 
rowed by  rude  attempts  at  surface  mining,  and  the  quality  of  the 
gold  obtained  from  tJiis  spot  was  long  considered  the  finest  in 
Brazil.  North  of  the  town  of  St.  John  del  Rey  is  that  of  Villa 
Rica,  which  owes  its  name  to  the  amount  of  gold  obtained  in 
its  vicinity.  The  Paulistas  here  found  gold  that  darkened  in 
colour  on  exposure,  owing  to  its  alloy  with  silver.  They  called 
the  mountain  Ouro  Preto,  but  on  great  quantities  of  gold  being 
obtained  tliey  changed  the  name  of  the  town  that  had  sprung 
up  to  Villa  Rica,  the  rich  town.  It  was  owing  to  the  daring  of 
the  Paulistas  that  the  discovery  of  gold  was  followed  up  and 
the  district  colonised. 

For  a  long  time  the  gold  was  only  extracted  from  the  day, 
through  which  the  rains  from  the  mountains  had  filtered,  leaving 
behind  the  particles  of  heavier  metal.  The  first  mines  were 
thus  simple  pits,  called '  catas.'  These  were  worked  downwards 
until  the  gravel,  or  *  cascalho,'  below,  cemented  together  with 
the  oxides  of  iron,  was  reached.  This  was  broken  by  picks, 
and  taken  to  the  river  to  be  washed.  A  step  in  advance,  and 
one  that  anticipated  the  modem  method  of  hydrauHc  mining, 

'  See  also  Mawe's  Travels  in  Brazil;  Henwood's  Metalliferous  Deposits  ; 
•Reports  of  St.  John  del  Rey  Mines '  Mining  Journal,  1877-S. 
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was  to  bring  the  water  to  the  gravel,  and  thus  wash  the  gold  on 
the  spot,  instead  of  canying  the  gravel  to  the  water.  These 
works  were  called  *  lavras.'  Following  this  gold-bearing  drift 
upwards,  it  was  traced  at  last  to  the  outcrop  of  the  great  lodes 
of  ferruginous  quartz,  whence  it  had  originally  been  derived. 
These,  for  some  depth  below  their  outcrop  on  the  hillsides, 
were  decomposed,  and  were  readily  worked  by  open  trenches 
cut  into  them. 

Beyond  this,  native  skill  and  enterprise  could  not  go ;  in- 
deed, the  wonder  is  how,  with  their  primitive  appliances  and 
little  knowledge,  so  much  gold  was  raised.  Gradually  the 
attention  of  English  and  German  miners  was  attracted  to  the 
country;  by  slow  degrees  concessions  were  obtained  from 
the  Government,  surveys  were  made,  and  operations  of  a  true 
mining  nature  were  commenced  by  the  sinking  of  shafts  and 
by  the  erection  of  a  rude  stamping  machine  made  of  wood. 
It  was  to  work  a  concesaon  on  the  Morro  Velho  estate  that  the 
English  company,  known  as  the  St.  John  del  Rey  Company, 
was  formed  in  the  year  1830.  The  mines  of  this  company  have 
been  successfully  worked  until  the  present  time.  This  property 
was  bought  of  the  original  adventurers,  in  1725,  for  less  than 
20/.  In  1814  it  yielded  43^  lbs.  of  gold ;  last  year  its  produc- 
tion was  about  4,500  lbs. 

It  will  help  us  the  better  to  understand  the  position  of  the 
lodes  worked  here  if  we  first  consider  the  geological  structure 
of  the  country,  as  this  is  illustrated  further  north  at  the  mines 
of  Gongo  Soco,  six  miles  SE.  of  Caethe.  These  mines  were 
discovered  by  a  solitary  Portuguese,  named  Manuel  Camara, 
who  worked  the  gold  deposit  with  his  own  hands,  and  became 
rich.  The  thought  occurred  to  one  of  his  successors  that  he 
was  only  working  the  refuse  of  an  untouched  body  of  gold,  so 
he  searched  the  mountain  beyond,  and  was  rewarded  by  the 
discovery  of  gold  spread  through  a  lode  or  bed  forty  feet  wide. 
This  discovery  led  to  levels  and  shafts.  The  success  that 
attended  his  efforts  attracted  more  scientific  and  systematic 
miners,  who,  in  the  year  1825,  took  the  name  of  the  Imperial 
Bra;silian  Mining  Association.  I  do  not  know  the  present  com- 
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mercial  condition  of  these  mines,  but  I  observe  that  ibey  are 
attracting  attention. 

Eg.  21  will  illustrate  the  geological  position  of  these  mine^ 
as  well  as  that  of  the  lodes  of  St.  John  del  Rey. 

At  the  base,  as  in  North  America,  we  have  the  usual  gramdc 
and  gneissose  rocks,  i.  These  are  succeeded  by  a  series  of 
clay  slates,  2,  which  often  become  micaceous,  talcose,  and 
chloritic.  These  slates  contain  great  masses  of  quartz  vein^ 
and  they  are  interbedded  with  thick  quartzose  flagstones. 
Above  these  there  is  a  deposit  of  granular  calcareous  quartz,  3, 
in  which  are  thin  beds  of  laic  and  mica,  that  occasionally  give 
place  to  ferruginous  ores,     These  expand  occasionally  into 


cl»T  ilMte,  wiih  btdi  o 
thin  bedl  of  Ulcoae  iL 


3,  boloDlii 


thick  ore  deposits,  of  which  4,  5,  and  6  are  examples ;  and 
which,  as  they  form  the  auriferous  deposits,  will  require  a  more 
detailed  description.  This  metallic  zone  is  overlaid  by  the 
massive  homblendic  slaty  and  porphyritic  rocks,  7,  which  arc 
succeeded  by  dolomitic  limestones,  8,  in  which  magnesia  is  pre- 
sent to  the  extent  of  35  per  cent. 

Gold  is  disseminated  throughout  the  entire  series.  In  the 
granitic  rocks  it  is  associated  with  palladium,  and  it  appears  in 
a  crystalline  form  in  the  cavities.  It  also  occurs  abundantly  in 
the  veins  a  that  traverse  the  slates,  as  at  St  John  del  R^, 
especially  as  they  cross  the  quartzose  beds;  but  here  at  Congo 
Soco  the  beds  4,  5,  and  6,  now  to  be  described,  form  its  great 
depositories.  4  is  known  as  Itabirite ;  it  is  from  i  foot  to 
6  feet  thick.    It  consists  of  iron  disseminated  in  mica  slate.  It 
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also  contains  distinct  quartz  masses,  and  where  these  occui'  it 
contains  the  most  gold  5  is  a  bed  called  Jacotinga,  from 
its  resemblance  in  the  variety  of  its  colours  to  the  Brazilian  bird 
of  that  name.  It  is  here  composed  of  iron  glance,  earthy  brown 
iron  ore,  brown  manganese,  flakes  of  talc,  and  layers  of  manga- 
nese. Its  thickness  varies  from  6  feet  to  30  feet,  but  several 
beds  of  the  nature  of  those  above  and  below,  are  occasionally 
interstratified  with  it.  It  forms  the  chief  repository  of  the  gold, 
which  is  spread  in  crystals  and  particles  throughout  the  entire 
bed.  It  is  most  abundant  where  the  manganese  is  present, 
when  it  occurs  in  bunches  and  strings,  the  bunches  seeming  to 
succeed  each  other  along  and  down  the  bed  at  an  angle  of 
45  degrees  to  the  north-west.  Crystals  of  very  fine  yellow  gold 
are  found  near  the  surface.  This  bed  is  overlaid  by  Uie  'Canga,' 
6,  which  is  a  brecciated  calcareous  deposit,  containing  blocks 
of  specular  and  oxidised  iron  ores,  cemented  by  earthy  iron 
ore.  The  Canga  does  not  contain  gold  in  profitable  quantities, 
although  it  is  on  record  that  in  the  year  1826-7  nearly  4,000  lbs. 
of  gold  were  taken  fi:om  it.  The  whole  of  the  deposit  formed 
by  these  three  beds  is  of  great  thickness  near  the  surface,  but  it 
thins  downwards,  so  that  at  a  depth  of  70  fathoms  from  the 
surface  it  is  only  8  fathoms  thick.  Partaking,  as  it  does,  of  the 
nature  of  irregular  bedding,  it  may  again  thicken  in  depth  and 
probably  increase  in  hardness. 

Returning  now  southward,  the  deposit  worked  at  Morro 
Velho  is  a  true  fissure  vein.  It  occupies  the  position  of  the 
lodes  at  a,  fig.  21.  It  is  divided  into  two  principal  parts — the 
Bahu  and  Cathoeira.  These  again  have  branches,  one  of  which 
is  known  as  Gamba,  and  another  as  the  Quebra  Panaella.  The 
lode  has  a  general  east  and  west  direction,  and  so  far  has  been 
most  productive  on  the  eastern  half  of  its  course  through  the 
property. 

Fig.  22  represents  a  section  of  the  strata  and  of  the  struc- 
ture  of  the  lode  down  to  a  depth  of  about  300  yards.  From 
this  section  it  will  be  seen  that  for  nearly  half  of  this  depth  the 
lode  is  constituted  chiefly  of  quartz,  but  that  in  the  lower  half 
more  slate  enters  into  its  composition.    The  inclination  of  the 
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lode  and  its  branches  is  varied  by  the  bedding  of  the  strata. 
Sometimes  the  lode  follows  the  course  of  the  bedding  for  some 
distance  at  their  strikes  down  a  joint ;  at  such  points  it  is  richer 
than  usual  in  gold.  Near  the  surface  the  sides  of  the  lode  are 
ragged,  the  jagged  edges  of  the  adjoining  rock  projecting  into 
it,  but  in  depth  the  sides  become  more  even.  When  undivided 
the  lode  is  about  14  yards  wide,  but  its  width  varies,  as  shown 
in  fig.  22.  In  a  branch  lode  running  parallel  with  the  Bahu^ 
from  150  to  200  grains  of  gold  per  ton  of  lode  stuff  were  ob- 
tained within  40  yards  of  the  surface.  In  the  Cachoeira  part,  at 
from  200  to  220  yards,  218  grains  to  the  ton  were  extracted. 
In  the  Quebra  Panaella,  130  grains  were  obtained  at  a  depth  of 
from  150  to  160  yards.  On  the  whole,  the  lode  does  not  de- 
teriorate in  depth,  although  there  are  points  where  it  is  not  so 
productive  ;  for  experience  shows  that  a  mixture  of  iron  pyrites 
and  quartz  makes  the  best  matrix  for  gold :  the  metal  being 
abundant  where  they  are  pretty  equally  mixed,  but  scarce  where 
either  prevails  separately.  Since  this  description  was  wTitten, 
the  report  of  this  mine  for  the  year  1877-8  has  been  issued,  and 
the  following  extract  from  the  superintendent's  portion  of  that 
report  will  afford  an  idea  of  the  present  condition  of  this  remark- 
able lode : — '  As  the  lode  was  laid  open  on  April  i  last  (1878), 
it  may  be  described  as  being  divided  into  five  parts,  differing 
more  or  less  from  each  other,  in  length,  figure,  and  component 
matter.  The  first,  beginning  on  the  eastern  extremities  and  ex- 
tending westward  to  nearly  one- third  of  its  entire  length,  is 
composed  mostly  of  pure  ore,  but  has  for  the  greater  part  of  its 
length  a  strip  of  quartz  on  its  north  side  and  of  killas  slate  rock 
on  the  south.  The  next,  or  second  division,  forming  approxi- 
mately another  third  of  the  length,  is  composed  almost  entirely 
of  killas,  with  numerous  shoots  of  ore  striking  across  the  slate 
rock.  Following  this  on  the  west,  in  the  third  division  is  found 
a  mass  of  pure  ore  of  about  a  ninth  the  entire  length  of  the 
lode,  with  a  strip  of  quartz  on  the  north  side.  In  the  fourth 
division  we  come  to  a  mass  of  quartz  of  about  the  same  length, 
with  shoots  of  ore  striking  across  it,  and  then  in  the  fifth  divi- 
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The  quality  at  ditterent  depths  has  been :  from  surface  to 
100  j'ards,  18  carats;  100  to  200  yards,  19  carats;  200  to  284 
yards,  19  carats.  The  gold  obtained  from  Congo  Soco  mines 
has  averaged  19  carats ;  from  Ouro  Preto,  22  carats  and  of  dark 
colour;  and  from  Antonia  Pereira,  23I  carats  fine.  The  total 
production  of  gold  in  Brazil  at  the  present  time  may  be  esti- 
mated at  100,000  ounces. 

Of  the  other  countries  of  South  America  it  may  be  sum- 
marily stated  that  their  joint  production  of  gold  about  equals 
that  of  Brazil.  In  Chili,  on  the  west  of  the  Andes,  we  find  gold 
mining  rising  in  importance.  At  the  mines  of  Catapillo  the 
dressing  of  the  refuse  ores  left  by  the  Spaniards  has  yielded 
from  3/.  to  4/.  worth  of  fine  gold  per  ton  of  refuse.  The  pro- 
duction of  Buenos  Ayres  for  the  year  1875  was  4,000  ounces. 
Increased  attention  is  being  paid  to  this  metal  in  Peru,  and  the 
mines  of  Arequipa  are  said  to  yield  4  ounces  of  gold  to  the 
cajon  of  ore.  The  mountains  in  which  the  gold  mines  are 
worked  on  the  western  side  of  the  continent  are  a  continuation 
of  those  of  California,  Nevada,  and  the  North- Western  States, 
and  their  geological  structure  is  similar. 

*  Mining  Journalf  June  29,  1878,  p.  723, 
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CHAPTER    IX. 

COLD—coftiimied. 

Australasia— History  of  the  Discovery  of  Gold— New  South  Wales- 
Victoria — Tasmania — Queensland— Productiveness  of  Reefs  in  Depth — 
Structure  of  Reefs— Gold  Drifts— Proportion  of  Gold  in  Drifts— The 
Mount  Morgan  Mine. 

Australasia.* — We  will  now  cross  the  Pacific  Ocean  to  the 
gold  mining  regions  of  Australasia. 

New  South  Wales, — Count  Strzelecki  is  said  to  have  been 
the  first  to  find  gold  in  New  South  Wales,  in  the  year  1839  ; 
but  in  deference  to  the  wishes  of  the  then  governor,  Sir  G. 
Gipps,  the  discovery  was  kept  secret,  the  colony  being  then  a 
penal  one.  In  1841  the  Rev.  W.  Clarke  had  also  found  the 
metal  In  1847  Mr.  Clarke  called  the  attention  of  the  colonists 
to  the  auriferous  character  of  the  country,  and  from  that  date 
to  1850  he  personally  explored  the  larger  portion  of  the  gold- 
bearing  lands,  over  six  degrees  of  latitude,  from  Queensland  on 
the  north  to  the  Australian  Alps  of  Strzelecki  on  the  south, 
where  firom  the  high  ridges  of  Mount  Kosciusko,  6,500  feet 
high,  the  land  dips  south  into  the  province  of  Victoria. 

In  1848  a  siuirey  of  the  country  was  undertaken  by  the 
Government,  at  the  suggestion  of  the  late  Sir  R.  I.  Murchison. 
In  1 85 1  the  value  of  the  diggings  was  proved  by  Mr.  Har- 
greaves.  The  localities  in  which  detrital  gold  was  first  found 
to  any  workable  extent  were  on  Summerhill  Creek  and  the 
Lewis  Pond  River,  in  lat.  33**  N.,  long.  149®  15'  E.,  in  streams 
that  run  from  the  northern  flank  of  the  Corioboalas  down  to 
the  river  Macquarie,  a  river  that  flows  northward  and  west- 

>  See  also  R.  Brough  Smyth,  Gold  Fields  of  Victoria;  T)u  Yearly 
CdmUU  Mimng  Report;  Morchisoii,  SUuria;  J.  A.  Phillips,  Gold  and 
CM  Mimng. 
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ward  The  metal  was  afterwards  found  on  the  Timm  rh'er  that 
rises  in  the  Blue  Mountains.  Discoveries  continued  to  be  made 
until,  stretching  north  into  Queensland  and  south  into  Victoria, 
a  region  i,ooo  miles  long  from  north  to  south  was  proved  to 
contain  gold  in  its  driftal  deposits.  The  growth  of  gold  mining 
enterprise  in  New  South  Wales  will  be  judged  from  the  fact 
that  in  1876  the  total  production  of  gold  was  167,412  ounces, 
of  the  value  of  613,190/.  7/.  9//.  In  1875  the  yield  had  been 
50,698  ounces  more.  Following  close  upon  the  discovery  of  gold 
in  this  colony,  was  its  discover)'  in  the  more  southern  province 
of  Victoria.  In  August  185 1  the  governor  informed  Earl 
Grey  that  a  large  deposit  of  gold  had  been  found  in  the  colony 
at  Clune's  diggings,  about  40  miles  from  Melbourne,  in  quartz 
giavel,  and  at  Ballarat  on  the  river  Leigh,  75  miles  fix)m 
Melbourne,  in  fragments  of  slate  rock.  The  most  productive 
locality  was  Ballarat  The  total  production  of  Victoria  for 
1876  was  about  1,000,000  ounces,  of  which  400,000  ounces 
were  from  alluvial,  and  600,000  ounces  from  quartz  mining. 
This  yield  was  100,000  ounces  less  than  that  of  the  previous 
year.  The  growth  of  the  colony  as  a  mining  country  will  be 
inferred  from  the  statement  that  at  the  beginning  of  1876  there 
were  1,101  auriferous  quartz  reefs  actually  worked  upon,  and 
3,208  more  were  proved  to  be  auriferous.  About  42,000  persons 
were  employed  in  mining,  of  whom  11,000  were  Chinese.  The 
largest  amount  raised  in  one  year  was  2,985,991  ounces  in  1856. 
In  1879  the  production  of  gold  from  alluvial  mining  was  293,310 
ounces,  and  from  quartz  mining  465,637  ounces. 

Tasmania. — The  discoveries  extended  southwards  to 
Tasmania  or  Van  Diemen's  I-.and,  and  this  island  contributed 
its  share  of  the  gold  production  of  1875  :  of  850  ounces  from 
alluvial,  and  3,800  ounces  from  quartz  mining,  making  a  total  of 
4,650  ounces. 

Queensland. — If  to  the  foregoing  amounts  we  add  50,000 
ounces  from  Queensland,  we  have  a  total  of  1,272,760  ounces 
of  gold  as  about  the  present  annual  production  of  the  Australian 
continent  and  Tasmania.  The  proportion,  taking  the  whole 
area  from  alluvial  and  lode  mining  being  about  equal. 
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The  sources  of  this  gold  are  to  be  found  in  the  range  of 
mountains  that,  at  some  distance  from  the  east  coast,  extends 
from  Cape  York  peninsula  on  the  north,  southward  through 
North  Australia,  Queensland,  and  Victoria,  and  which,  ramify- 
ing westward  in  the  latter  colony,  reappear  to  the  south  in 
Tasmania.  For  gold,  the  first-named  colony  does  not  now 
require  notice. 

Ballarat  gold  field  in  recent 
lavas  and  drifts    (i) 


WEST 


Cambrian  and  CambroSihiriun,  conu^ting  of  quartzose,  sandy,  slaty,  and  metamorpbic 

rocks. 


Mount  Billarat  Gold- 
field    (2) 


Mt.  Macedon 
3,400  ft. 


Wjih  intrusive  rock. 


U) 


Tnippean  and  granitic  rocks. 


4%\\\VK^: 


Cambro-Silurian.    Thick  beds 
of  quartzose  rock. 


Silurian  strata  with 
Wenlock  fossils. 


Caledonian 
Gold-field. 


Mt.  Juliet  4,500  ft. 
U'9 


EAST 


Cambrian  and  Cambro- 
Silurian  rocks. 


Trappean  and 
granitic  rocks. 


Fic  83.— Section  of  Strata  through  the  Gold  Districts  of  Victoria. 

The  general  structure  of  these  mountains,  throughout  their 
entire  length,  is  shown  on  the  section  fig.  23,  which  is  adapted 
from  the  Government  survey  of  that  country. 

It  will  be  seen  that  the  geological  structure  of  the  countiy 
in  the  age  of  the  gold-bearing  rocks  is  the  same  as  those  of  the 
countries  we  have  already  noticed.  There  are  the  usual  funda- 
mental granitic  and  gneissic  rocks,  on  which  rest  Cambrian  and 
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Silurian  rocks  in  all  their  varieties,  and  from  whidi  foisils, 
characteristic  of  the  different  groups  of  strata,  Iiave  been 
found. 

These  older  rocks  are  traversed  by  quartz  beds  and  veins, 
locally  known  as  reefs,  that  coincide  for  the  most  part  with  the 
strike  of  the  beds.  Fig.  24  represents  an  auriferous  quartz  reef, 
and  llie  mctliods  by  which  it  is  approached  and  mined. 


The  whole  of  the  quartz  veins  and  beds  are  not  auriferous, 
for  there  are  long  stretches  of  barren  reefs  alongside  those  that 
are  productive.  In  the  latter  the  gold  is  usually  associated 
with  iron  pyrites  and  titaniferous  iron — the  source  of  the  emery 
that  accompanies  the  gold  in  the  alluvial  deposits.  The  pro- 
ductiveness of  the  quartz  or  otherwise  appears  to  depend 
chiefly  upon  the  age  of  the  quartz,  and,  as  in  Brazil,  on  the 
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presence  aJso  of  iron  py 

rites.  There  is  a  good  deal  |^ »). 
of  quartz  in  Australia  of  or  tui 
youi^er  age  than  that  of  soirrK 
the  gold-bearing  reefs  lying  cam^i- 
near  the  base  of  the  Coal-  s™t^ 

measures.     The    following 

vertical  section,  fig.  25,  will 
■hov  the  relative  position 
of  the  two  quartz  rocks,  and 
it  will  be  useful  when  we 
come  to  consider  the  cop- 
per deposits  of  the  country. 
Mr.  Keene'  observes: 
'There  is  a  quartz  at  the 
base  of  the  Coal-measures, 
in  many  cases  of  great 
purity,  in  which  gold  has 
been  sought  for  in  vain,'       ^"^  *"" 

The  productiveness  of  ^^f^ 
the  quartz  reefe  seems  fur-  .j. 
ther  to  depend  upon  the  na-  =«■  •r-™ 
ture  of  the  strata  with  which 
they  are  associated.  As  3  £»«  ( 
rule.the  quartz  reefs  are  au-  M»iiundj 
riferous  as  theypass  through  ' 

homblendic  or  porph)Titic 
rocks,  and  cease  to  be  sosiony  Crtck  I 
when  they  enter  schists,  or  ''"''" 
the  metal  does  not  then 
occur  in  paying  quantities, 
Diorite  is  also  associated 
with  the  best  paying  lodes. 

Mr.  Wilkinson,  F.G.S., 
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Government  Geological  Surveyor  of  New  South  Wales,  has 
recently  suggested  an  instance  in  which,  as  he  thinks,  a  gold 
deposit  has  been  derived  from  the  conglomerates  of  the  Coal- 
measures,  pointing  to  the  inference  that  those  conglomoates 
are  themselves  auriferous.*  Fig.  26  is  a  reproduction  of  his 
own  illustration  as  far  as  it  concerns  this  idea,  but  an  ex- 
amination of  it  must,  I  think,  show  Mr.  Wilkinson's  inference 
to  be  erroneous.  A  geologist  will  see  that  the  Coal-measures 
once  extended  right  over  the  Cambro-Silurian  rocks,  d,  so 
that  the  correct  inference  is  that  the  gold  deposit,  e,  must  have 
been  derived  from  the  abrasion  of  those  rocks,  and  formed 
prior  to  the  deposition  of  the  overlying  Coal-measures.  It 
has  become  exposed  by  the  subsequent  denudation  of  the 
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Fio.  2<;.—Illustk Alios  OP  Gold  Drift  at  the  Bask  of  thk  Coal-measuxes, 

New  South  Wales. 

A,  Gardner'i   Hill.     Baxalt,  soft,     b,  Thin   layer  of  tertiary  pliocene  drift.    C,  Co«l- 
iDfasuref.     i),  Silurian  sandstones,  with  shales  and  quartz  reefs.    E,  Place  of  gold 

Coal-measures  at  the  spot  I  am  the  more  careful  to  point  out 
this  mistake,  as  I  deem  it,  because  I  am  sure  that  it  is  from 
similar  errors,  where  a  newer  formation  rests  unconformably 
upon  one  much  older,  that  statements  concerning  the  deposits 
of  gold  in  situ  in  the  Upper  Secondary  rocks  have  been  made 
concerning  California.  If,  however,  Mr.  Wilkinson  only  intends 
to  show  an  auriferous  drift  of  Carboniferous  age,  no  objection 
can  be  offered  to  the  endeavour. 

The  intimate  structure  of  one  of  the  smaller  quartz  veins 
containing  gold  is  shown  in  figs.  27  and  28,  which  I  have  adapted 


*  Annual  Report  of  the  Department  of  Mines    New  SQutk    Wales^   fcr 
^e  year  1876,  p.  166, 


DETAILED  STRUCTURE  OF  GOLD  QUARTZ  VEINS.  7I 

from  an  illustration  by  Mr.  Richard  Daintree,  F.G.S.'  The  gold 
is  represented  by  the  dark  lines  in  the  centre;  the  quartz  on 


A  Coui  QuABTi  Rur  ut  Hi* 

either  side  is  barren  of  gold,  which  seems  to  have  been  among 
the  last  substances  deposited  in  the  crack,  or  the  gold  may  have 


'  'On  Certain  Mode*  of  Occarrence  of  Gold  in  Australb, 


R.  DaiDliee, 
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72         METALLIFEROUS  MINERALS  AND   MINING. 

been  deposited  afterwards  in  a  subsequent  reopening  of  the 
crack.  Besides  occurring  associated  with  pyrites  in  granite 
rocks,  gold  also  occurs  disseminated  in  pyritous  diorites,  in 
pyritous  felsites,  and  also  in  pyritous  quartz  and  calcspar  veins, 
usually  well  defined,  wide,  and  persistent,  by  which  these  rocks 
are  traversed,  and  into  which  the  disseminated  mineral  has 
been  mechanically  and  chemically  gathered. 

The  'reefs' are  productive  to  a  great  depth.  In  Victoria 
about  thirty  mines  liave  reached  a  depth  ranging  from  i,ooo 
feet  to  1, 800  feet.  The  Newington  Mine  is  1,940  feet  deep. 
Sixty-five  tons  of  quartz,  mined  from  a  depth  of  1,060  feet, 
gave  8  ounces  of  gold  to  the  ton ;  but  this  must  have  been 
selected  quartz.  The  impression  has  prevailed  lately  that 
quartz  does  not,  as  a  rule,  pay  for  mining  at  a  greater  depth 
than  1,000  feet.  Possibly  this  idea,  like  many  before  it,  may 
vanish  before  increasing  skill.  The  proportion  of  gold  to  the 
ton  of  quartz  crushed  varies  considerably,  as  the  following  par- 
ticulars, relating  to  1876,  will  show:  11,500  tons  from  Stawel, 
Victoria,  obtained  at  depths  varying  from  430  feet  to  1,060  feet, 
gave  from  i  oz.  3  dwts.  to  5  ozs.  14  dwts.  to  the  ton ;  5,890 
tons  from  Sandhurst,  from  depths  of  500  feet  to  1,000  feet,  gave 
from  I  oz.  14  dwts.  to  nearly  2  ozs.  per  ton ;  South  Clunes  Mines 
gave  from  2,171  tons,  8 dwts.  g^grs.  per  ton;  and  Port  Phillip 
Colonial  Gold  Mine  worked  4  dwts.  8grs.  per  ton  at  a  profit 
In  the  third  quarter  of  1875,  259,997^  tons  of  quartz  crushed 
in  Victoria,  gave  an  average  of  12  dwts.  i3^grs.;  in  the  first 
quarter  of  1877,  the  average  yield  was  10  dwts.  i7grs.  The 
average  yield  may  therefore  be  taken  at  11  dwts.,  an  average 
that  seems  to  be  pretty  constant,  for  the  proportion  per  ton 
from  5,811,669  tons  9  cwts.  of  quartz,  crushed  during  the  ten 
years  ending  1868,  was  11  dwts.  12  3 7  grs. 

As  elsewhere,  the  earliest  discoveries  and  works  were  made 
in  the  drifts  that  fill  up  the  valleys  and  cover  the  plains  that  are 
spread  out  at  the  feet  of  the  mountains,  and  still,  as  we  have 
seen,  a  large  proportion  of  gold  is  derived  from  this  source. 
We  shall  gain  an  idea  of  the  structure  and  composition  of  these 
drifts  by  a  perusal  of  the  following  detailed  sections : 
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Sections  of  Dbiits  in  Australia. 


Golden  Riven. 

I.  Uppermost  drirt,  filling  up  hoi' 
lows  and  erosions  in  the  drifis 
below,  and  gold  bearing. 

3.  Upper  Basalt  rock,  35  feet  to 
30  feet. 

3.  riiocene  gravel,   gold  bearing, 

50  feet  to  60  TeeL 

4.  Absent. 


7.  Miocene  gtavel,  not  productive, 
the  false   bottom   of  mineis, 


t.  Uppennoit  drill,  filling  np  hol- 
lows in  Ibe  drift  btlow,  gold 

a.  Upper  Basalt  rock,  49  feeL 

3.  Sandy  grits  (Fliocene),  gold 
bearing,  10  feet  to  IS  feet 

4.  Upper  Coralline  Umeitone, 
13  feet. 

5.  OlderBasalt.wilhlimestone*^ 
and  fossib.  |  j; 

6.  Sandy  Dmettonr,  witbf  q 
foswl*.  J  *• 

7.  Rounded  quaitz  pebbles  and  hard 
silicioos  conglomerate  rock, 
with    gravels    and    boulders, 

8.  Layer  of  clayey  drift,  with  gold. 
Cambrian  strata. 

One  or  more  members  of  the  series,  as  shown  in  the  com- 
plete Steiglitz  section,  is  frequently  absent,  as  shown  in  the 
diagram  sections,  figs.  29,  30,  .ind  31, 
which  are  adapted  from  Mr.  R.  ] 
Smyth's  complete  and  valuable  work. 

When  the  recent  drifts  that  lie  on 
the  surface  are  worked  for  gold,  the 
operation  is  called  surface  or  shallow 
mining ;  but  the  operations  by  which  tiie 
deeper  and  older  auriferous  drifts  are 
reached,  are  known  as  deep  sinking. 
This  lowest  auriferous  drift  lies 
diatety  upon  the  eroded  surfaces  of  the 
usually  upturned  edges  of  the  Cambrian 
strata.  They  fill  hollows  and  old  river  ^"=-  '9.-S"ction  at  daklots. 
courses  along  the  surface  of  these  beds,  which  are  often  fol- 
lowed for  miles.     These  long  troughs  and  river-courses  are 


^^m  s;™Tof««i 
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called  '  leads,'  and  fig.  31  will  give  an  idea  of  their  position  as 


L    B  ID  chauu    Vcn.  i"  =  310  fett 

Bnd  red  cliyi.     if,  Bualt.     r,  Ligkt  colound  day, 

they  occur  in  (tie  neighbourhood  of  Ballarat,  as  well  as  of  tlie 
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way  in  which  they  are  often  approached  by  adit  levels,  and 
connected  by  levels  driven  throi^h  the  intervening  strata. 

^S-  3i  represents  a  similar  deposit  on  the  Macquarie 
River,  New  South  Wales.  It  is  interesting  by  way  of  com- 
parison with  the  sections  from  Ballaiat,  as  showing  the  newer 
auriferous  drift  approached  by  a  shaft,  and  also  the  contrast 
between  the  present  river  valley  of  the  Macquarie  and  the 
ancient  watercourse. 

A  neighbouring  section  shows  the  basalt,  which,  as  in  Vic- 
toria, spreads  over  the  older  drifts,  and  has  helped  to  preserve 
them  from  denudation.    The  shaft  passes  through 
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Lmuq  (and  and  day 4°  feel. 

Vesicular  basalt 130  feet. 

Light  pebble  drift  and  gold  wash,  cemented  in^ 
places  with  oxide  of  iron  and  itoa  pyrites,  I 
containing  rragineiits  of  wood  aod  coaly  shale,  f 
The  drift  yields  5  dwls.  to  the  load  . ; 


5  feet. 


The  gold  is  found  in  these  drifts  in  grains  and  nuggets,  one 
of  the  latter  reaching  600  ounces.  In  1S76,  574,164  tons 
3  cwts.  of  drift  washed  in  Victoria,  gave  an  average  of  23'67 
grains  per  ton.  35,938  tons  of  cement  or  drift  caked  together 
were  crushed,  and  gave  an  average  of  4  dwts.  13^  grs.  per  totu 
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In  New  South  Wales  the  average  yield  of  gold  per  ton  of  drift 
for  1875  was  5  dwts.  9-58  grs.,  but  it  is  explained  that  this 
high  average  came  from  58,081  tons  of  selected  wash  dirt. 
The  average  from  172,630  tons  of  drift  in  1876  was  i  dwt 
23-14  grs. 

The  production  of  gold  in  the  Australasian  Colonies  in 
1889  was  as  follows  : — 


Colony 


New  South  Wales 
New  Zealand 
Queensland  (exported) 
S.  Australia 
Tasmania    . 
Victoria 
W.  Australia 


Production 
of  Gold 


ounces 

119,758 
203,211 

739,103 

10,124 

32,332 
614,838 

I5,492i 


Value  of 
Gold 


£ 
434,070 
808,^9 
2,586,860 

37,305 
119,702 

2,459,352 
58,871 


The  following  table,*  showing  the  depths  and  average 
yield  of  gold  per  ton  of  quartz  at  some  of  the  principal 
Victorian  mines,  will  be  found  interesting.  It  may  be  esti- 
mated that,  for  free  milling  ores,  all  containing  over  3  dwts. 
can  be  worked  to  a  profit,  and  that  the  average  cost  of  mining 
and  milling  in  the  Ballarat  district  is  between  8j.  and  i2j.  per 
ton  of  quartz. 


Depth  of 
Workings 

vis'.a  of 

Gold 
per  ton 

Paid-up 
Capitaa 

Dividends 

paid  to 

Nov.  30^  1890 

Star  of  the  East  . 
Sir  H.  Loch 
Lord  Nelson 
Black  Horse  .     . 
Britannia  United 

feet 

1,700 

1,200 

1,030 

•   1,100 

560 

dwts. 

6i 

I 
11,100 

12,000 

19,350 

17,750 

9,300 

79,200 

24,000 

24,300 

103,250 

7,200 

'   TJie  Financial  News y  July  2,  1891. 
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Mount  Morgan  Mine} — Another  form  in  which  gold  occurs 
is  that  in  the  world-famous  Mount  Morgan  Mine,  near  Rock* 
hampton,  Queensland.  The  deposit  presents  several  interest- 
ing features,  as  may  be  seen  from  the  following  brief  descrip- 
tion, which  embodies  the  observations  of  Mr.  Jack,  the 
Queensland  Government  geologist. 

The  mountain,  situated  about  thirty  miles  from  the  sea,  is 
surrounded  by  a  table-land,  above  which  it  rises  about  400  feet ; 
the  summit  being  1,225  feet,  and  the  average  altitude  of  the 
table-land  about  800  feet,  above  sea  level.  The  country  rock 
consists  of  a  sandstone  formation,  with  occasional  masses  of 
hard  shale,  and  in  the  immediate  locality  of  the  mountain  it  is 
intersected  in  every  direction  with  intrusive  masses  of  igneous 
rocks,  such  as  rhyolite  and  dolerite.  At  the  time  of  Mr.  Jack's 
report  the  geological  evidence  seemed  to  prove  to  him  that  the 
mountain  has  resulted  from  the  upward  flow  of  a  thermal 
spring  carrying  silicious,  argillaceous,  and  other  matter,  in  a 
semi-liquid,  mud-like  mass.  The  summit  of  the  mountain, 
when  opened  out,  was  found  to  be  a  mass  of  silicious  brown 
haematite  ironstone  with  a  stalactite  structure,  together  with 
what  appeared  to  be  a  cellular  silicious  sinter;  this  had  a 
frothy  appearance,  and  was  sometimes  light  like  pumice-stone. 
In  one  part  of  the  first  cutting  on  the  summit  was  found  a 
band  of  kaolin  in  various  states  of  purity.  Throughout  the 
whole  mass  gold,  exceptionally  free  from  alloy,  occurred  in  the 
most  minute  powder,  rarely  visible  to  the  unaided  eye,  to  the 
amount  of  from  5  ozs.  to  8  ozs.  to  the  ton  of  deposit ;  it  assays 
997  fine ;  the  alloy  is  copper  with  minute  traces  of  iron,  and 
it  is  worth  4/.  45.  Zd,  per  ounce  troy.  Quarries  lower  down 
the  mountain  revealed  even  more  complexity  in  the  deposited 
mass  :  brown  haematite,  red  haematite,  aluminous  iron  ochre, 
white  silicious  deposits,  soft  aluminite,  masses  of  magnesian 
and  aluminous  silicates,  and  loose  silicious  sinter,  in  almost  all 
of  which  gold  occurs  similarly  and  to  much  the  same  amount 
as  previously  mentioned.   The  hillsides  formed  by  the  overflow 

*  Notes  on  ihi  Trtatment  of  Gold  Ores,  by  Florence  O'Driscoll,  C.E. 
Offices  of  Engineerings  LondoDi  1889. 
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are  of  like  character,  and  carry  gold  in  the  same  manner  as  the 
interior  of  the  hill ;  but  no  gold  has  yet  been  obtained  in  the 
locality  which  cannot  be  traced  to  the  influence  of  the  deposit 
and  the  surface  indications,  resulting  from  its  gradual  denuda- 
tion. When  Mr.  Jack  examined  this  mountain  for  the  purpose 
of  reporting  on  it  to  the  Queensland  Government,  very  little 
work  had  been  done  there.  The  opinions  he  then  expressed 
are  probably  those  that  any  other  skilled  geologist  would  form 
with  the  same  data  to  judge  from.  As  this  great  deposit  is 
now  well  opened  out,  and  much  is  to  be  seen  which  could  not 
have  been  guessed  at  when  Mr.  Jack  was  there,  a  different 
explanation  is  now  feasible  to  that  of  the  *  thermal '  theory  then 
propounded.  From  recent  investigations,  however,  it  would 
seem  that  this  Mount  Morgan  is  the  result  of  aqueous  action, 
by  which  the  deposited  portions  of  a  large  mundic  lode 
beneath  have  been  carried  upwards  and  accumulated  on  the 
surface.  That  which  appears  to  be  silicious  sinter  of  geyser 
origin  is  the  silicious  skeleton  from  which  granular  iron  pyrites 
have  been  dissolved  out  by  natural  causes.  Specimens  exist 
where  one  part  of  a  stone  is  apparently  solid  pyrites  and  the 
other  half  sinter.  In  several  instances  pieces  of  the  solid  parts 
have  been  treated  with  nitric  acid  and  the  pyrites  dissolved  out, 
when  a  framework  of  iron-stained  silica  was  left,  not  to  be  dis- 
tinguished from  the  silicious  sinter  of  thermal  origin.  Investi- 
gations have  revealed  the  existence  of  a  large  pyrites  lode 
underlying  the  deposit,  but  this  is  not  yet  worked  for  gold. 
Within  the  last  five  years  gold  to  the  value  of  several  millions 
sterling  has  been  extracted  from  the  ore  taken  out  of  the 
workings,  and  as  far  as  can  be  judged  from  these  investigations, 
the  mountain  throughout  is  a  mass  of  heavily  charged  gold- 
bearing  deposit ;  its  value  is  still  undeterminable  because  of 
the  difficulty  experienced  in  obtaining  data  as  to  depth  and 
extent. 
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CHAPTER    X. 

COLD — continued. 

New  Zealand— History— Gold  in  «V«— Gold  in  Drifts— Africa— Gold 
Fields  of  Leydenberg— Wit watersrandt— India— Philippine  Islands  — 
Aruba  Island — Concluding  Remarks. 

New  Zealand. — Returning  eastward  a  little  way  we  find  a 
similar  range  of  mountains  to  those  of  Australia  running  N. 
and  S.  down  the  two  islands  of  New  Zealand.  The  section, 
fig-  34j  adapted  from  one  of  Dr.  Hector's,^  the  Government 
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Fig.  34.— Section  ackoss  the  Provinxe  of  Otaco. 


s,  Gneissic  granite.    2,  Dykes  of  dionte,  &c.    3,  Granitoid,  porphyritic,  and  syenitic  rocks. 

4,  Quanzites,  slates,  felstones,  serpentine,  and  marble.  I  r-  u  i.      • 

5.  Orey,  blue,  and  contorted  foliaceous  schists.  \  Gold-beanng  strata 

S*  Sandstone  and  porphyritic  rocks.  7,  Carbonaceous  sandstones,  with  brown  coal. 
8,  White  crag,  with  fossils  and  tufaceous  rocks  and  basalt,  o,  Ancient  lake  deposits, 
with  brown  coaL    The  great  gold  drift. 

geologist  for  that  colony,  gives  a  detailed  description  of  the 
gold-bearing  rocks,  with  their  associated  strata,  together  with 
the  gold-bearing  drifts. 

•  Dr.  Hector,  Quarterly  Journal  Geological  Society^  vol.  xxi.  124. 


8o        METALLIFEROUS  MINERALS  AND  MINING. 

Up  to  the  year  1857  there  was  no  gold  mine  in  New 
Zealand,  but  in  the  twenty  years  ending  1878  no  less  than 
8>038>57i  ounces  of  gold  had  been  obtained.  The  yield  for 
1889  was  203,212  ozs.,  of  a  value  of  808,549/. 

The  quartz  occurs  both  as  filling  up  fissures  and  as  irregu- 
larly stratified  beds.  Both  the  lodes  and  beds  are  contained 
in  a  series  of  strata  (4  and  5  of  section),  which  are  divisible 
into  three  parts :  first,  the  upper  grey  arenaceous  slaty  rock, 
which  does  not  contain  much  quartz,  either  in  veins  or  beds ; 
second,  the  middle  part,  about  200  feet  thick,  which  is  made  up 
of  soft  blue  micaceous  slates,  traversed  by  small  quartz  veins 
of  a  decomposed  nature,  especially  near  the  surface.  This  is 
supposed  to  be  the  source  whence  the  detrital  gold  of  the 
Western,  or  Lake  Gold  Fields,  has  been  derived.  Thirdly,  the 
lower  part,  made  up  of  clay  slates,  often  chloritic  and  contorted 
and  foliated  with  quartz,  especially  in  its  lower  portion. 

The  quartz  laminse  are  concretionary  in  their  structure, 
of  a  bluish  colour,  and  homy  in  appearance.  Besides  the  gold 
found  in  the  quartz  lodes  and  beds,  the  metal  occurs  segregated 
in  the  interstices  of  the  contorted  schists,  but  it  is  not  worked 
in  situ. 

One  of  the  richest  gold-bearing  districts  is  that  of  Coro- 
mandel,  in  the  northern  island,  near  Auckland,  and  among  the 
mines  may  be  mentioned  that  of  Kapanga,  where  good  gold 
is  found  in  a  quartz  vein,  four  feet  wide,  at  a  depth  of  300  feet 
from  the  surface.  The  yield  of  gold  from  some  of  the  auriferous 
reefs  is  as  much  as  i  ounce  to  the  ton,  but  the  average  is  con- 
siderably less.  The  drifts,  like  those  of  Australia,  are  both 
recent  gravel  sands  and  ancient  driftal  deposits.  The  latter 
are  in  places  like  old  lake  deposits,  in  which  gold  is  associated 
with  brown  coal.  They  follow  the  range  of  the  mountains  from 
north  to  south. 

Retracing  our  steps  to  the  Old  World,  I  will  briefly  notice 
the  recently  discovered  go^  d  deposits  of  South  Africa.  *  A  range 
of  mountains  extends  at  some  distance  inland  along  the  eastern 

>  See  Dunn,  Quarter fy  yottinal  Geological  Society y  vol.  xxxiii.  p.  879, 
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coast  of  Africa,  from  the  Red  Sea  to  the  Cape  of  Good  Hope. 
NE.  in  their  ramifications  through  Arabia  they  form  the  deposi- 
tories of  the  gold  of  Midian,  to  which  Captain  Burton  has  just 
directed  attention.  It  is  probable  that  ultimately  gold,  both 
in  situ  and  in  driftal  deposits,  will  be  found  all  along  the  course 
of  this  range ;  but  at  present  the  gold  fields  are  confined  to  the 
portion  that  lies  between  the  Zambesi  on  the  north,  and  Cape 
Colony  on  the  south,  in  the  north  part  of  the  Transvaal,  Uie 
chief  mining  operations  being  grouped  around  Leydenberg, 
lat  23®  40'  S.,  and  long.  31°  E. 

Fig.  35  will  afford  an  idea  of  the  geological  structure  of  the 
district,  which  is  of  the  usual  kind,  underlying  granites,  gneiss, 


Fi&  35.— Section  through  thb  Leydenberg  Goldfield,  South  Africa. 
Horizontal  scale  1^=4  miles ;  Vertical  1"= 4,000  feet. 

«,  Quarts  rock,  f,  Fis&ile  sandstones.^  g^  Soft  pink  sandstones.  A/,  Pink,  blue,  grey, 
and  brown  sandstones,  much  jointed,  k,  Cherty  limestone.  //,  Limestones. 
i:!l!tl.  Greenstone. 

and  greenstones,  succeeded  by  laminated  mudstones,  white  and 
red  quartz,  bedded  rocks,  calcareous  strata,  with  thin  layers  of 
quartzite  between  the  bedding  and  quartz  breccia,  like  quartz 
rock  shattered,  and  the  cracks  filled  with  newer  quartz. 

In  1864  Dr.  Mann  found  gold  in  a  high  granitic  tableland, 
forming  the  watershed  of  the  rivers  Lipalule  and  Limpopo,  in 
which  there  were  numerous  traces  of  ancient  mining.  Mr. 
Bains  also  found  some  considerable  clusters  of  reefs  near  the 
Zambesi.  Quartz  reefs  were  also  found  200  miles  NW.  of 
Leydenberg,  some  of  which  were  worked  by  Englishmen.  The 
ancient  mines  seem  to  have  been  worked  on  the  reefs  as  open 
quarries,     lliere  were  recently  eleven  mines  at  work  in  the 
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quartz  rocks,  and  a  description  of  one  of  these  will  illustrate 
the  general  character  of  the  rest  The  Erstellung  Mine  is 
situated  near  Marabastadt,  in  lat  24°  5'  S.,  and  long.  29**  55' 
E.  The  strata  are  composed  of  chloritic  and  steatitic  schists, 
which  dip  at  an  angle  of  about  80°  N.  These  schists  rest  on 
gneiss,  and  are  overlaid  by  the  gold-bearing  rocks  of  Leyden- 
berg.  The  principal  reef  worked,  the  Natalia,  is  about  three  feet 
wide,  and  follows  the  bedding.  The  gold  is  sprinkled  through- 
out the  quartz,  and  it  is  also  accumulated  in  the  cavities.  The 
yield  of  the  reef  is  stated  at  i  ounce  of  gold  per  ton  of  quartz. 
The  reef  is  accompanied  along  its  course  by  dykes,  probably 
beds,  of  diabase,  and  it  is  crossed  by  dykes  of  dolerite. 

At  Leydenberg  the  gold  occurs  both  in  flat  beds  of  quartz, 
and  also  in  strings  or  veins  interbedded  with  and  intersecting 
the  limestones  1 1  of  the  section. 

The  principal  locality  where  driflal  gold  is  found  in  South 
Africa  is  at  Pilgrim's  Rest  Creek,  which  is  thirty  miles  due  west 
of  Leydenberg,  The  creek  is  about  three  miles  long,  and  flows 
west  into  the  river  Blyde.  The  drift  in  the  creek  is  from  five 
to  twelve  feet  deep.  At  the  top  it  consists  of  fine  alluvium ; 
this  is  succeeded  downwards  by  clay,  in  which  are  imbedded 
pebbles  and  fragments  of  the  adjoining  rocks.  Below  this,  and 
resting  upon  the  solid  rock,  is  the  bed  of  auriferous  drift,  about 
one  foot  thick.  The  gold  is  found  in  grains  and  nuggets,  the 
whole  of  which  are  rounded  and  coated  with  oxide  of  iron. 
The  quality  of  the  gold  is  valued  at  from  3/.  los,  to  4/.  per  ounce. 
Diggings  are  also  worked  at  Mac  Mac  Creek,  where  the  drift 
is  made  up  of  slaty  sandstones  and  calcareous  fragments. 
There  is  an  absence  of  the  great  boulders  that  rest  in  the 
auriferous  drift  of  Pilgrim's  Rest  The  gold  is  scarcely  equal 
to  that  of  the  latter  place,  and  it  occurs  in  finer  grains.  The 
yield  of  gold  from  South  Africa  is  estimated  at  the  value  of 
60,000/.,  but  it  is  believed  that  the  total  amount  reaches  nearly 
double  that  sum. 

The  present  yearly  output  from  the  Leydenberg  fields  *  may 
be  estimated  at  25,000  ounces  of  gold.    There  are  twelve  com- 

•  Mmtft^ /curfta/,  Jan,  24,  18^1 
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ponies  having  a  total  capital  of  1,767,500/.  at  work,  and  there 
are  97  head  of  stamps  in  action. 

WiTWATERSRANDT.^ — Since  this  book  was  first  published  the 
Witwatersrandt  gold  fields,  in  the  Transvaal,  have  sprung  into 
existence,  and  af^er  a  brief  inflated  period  have  settled  down 
into  regular  and  productive  work. 

The  gold  fields  were  proclaimed  as  such  by  the  Trans- 
vaal Government  on  July  18,  1886,  and  at  that  date  the 
present  flourishing  town  of  Johannesburg  was  a  mere  collec- 
tion of  wagons,  carts,  and  tents  belonging  to  the  various  pro- 
specting parties.  Since  then  numerous  companies  have  been  . 
formed  with  a  total  nominal  capital  of  about  25,000,000/., 
and  nearly  2,000  head  of  stamps  have  been  erected  and  put 
to  work. 

The  following  returns  of  the  gold  output  will  indicate  the 
rise  of  these  gold  fields  better  than  any  description  ^  : — 

Year  1887,  ounces  34,897  Year  1889,  ounces  370,733 

„     1888      „      230,917  „    1890       „      494.801 

while  the  production  hitherto  for  1891  has  been  as  follows  ^ : — 

1891,  January      53,205  1891,  April     56,362 

„     February    50,073  „     May      54,672 

„     March        52,949 

The  gold  occurs  in  regularly  stratified  beds  of  conglomerate, 
to  which  the  Dutch  name  of  banket  has  been  given,  varying 
in  thickness  from  a  few  inches  up  to  several  feet.  The  general 
stratification  of  the  country  is  composed  of  a  series  of  soft 
sandstones  with  some  shales,  cherts,  and  quartzites,  disturbed  in 
places  by  intrusive  dykes,  as  will  be  seen  from  the  accompany- 
ing general  section.  Fig.  35A. 

The  beds  of  banket  conglomerates  or  gold  reefs  follow  the 
same  strike  and  dip  as  the  beds  in  which  they  occur,  and  are 
of  all  degrees  of  coarseness,  from  fine  sandstone  to  pebbles 
and  large  stones,  all  cemented  together  with  what  appears  to  be 

»  Note  by  E.  H.  D.  «  Scu^A  Africa, 

0  a 


84  METALLIFEROUS   MINERALS   AND   MINING. 

a  mixture  of  sand,  lime,  and  iron.    The  gold  occurs  in  latger 
quantities  in  the  cementing  matter  than  in  the  pebbles. 
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F'6-  35^  '*■'"  show  an  average  section  of  the  main  reef, 
and  figs.  35c  and  350  will  give  a  good  idea  of  the  manner  in 
which  it  is  broken  up  by  faults. 


The  main  reef  outcrops  for  a  distance  of  about  twenty-two 
miles, and  maybe  said  to  terminate  on  the  west  at  Roodepocot 
uid  on  the  east  at  DriefonteJn. 
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At  the  commencement  the  mines  were  worked  as  oiten 
trenches  on  the  outcrop,  but  soon  a  regular  system  of  mining 
was  substituted,  and  now  the  shafts  are  well  equipped  with 


winding  and  pumpmg  gear  and  the  m  Us  will  bear  comparison 
with  any  in  the  world  for  effective  and  economical  working. 

The  greatest  interest  is  settled  in  the  mines  upon  what  is 
known  as  the  Randt,  or  the  country  immediately  surrounding 


Johannesburg.  The  banket  gold-bearing  reefs  have,  however, 
been  discovered  and  are  being  worked  elsewhere  in  the  Trans- 
vaal, as  at  Klerksdorp  and  Heidelburg,  under  circumstances 
similar  to  those  on  the  Randt. 
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The  samples  taken  from  the  surface  outcrops  of  the  reefs 
have  generally  turned  out  richer  and  containing  more  free  gold 
than  the  actual  stuff  obtained  in  depth  for  milling  purposes. 
No  doubt  the  action  of  time  and  weather  had  decomposed  the 
reefs  on  the  outcrop  and  partially  concentrated  the  gold,  at 
the  same  time  freeing  it  from  refractory  substances. 

Since  the  commencement,  in  1887,  about  1,407,609  ozs. 
of  gold  have  been  extracted ;  and  the  opinion  is  expressed  that 
an  equal  amount  has  been  left  in  the  tailings,  of  which  there 
is  a  stock  of  over  2  million  tons. 

In  June  of  this  year*  2,269  ozs.  of  gold  were  extracted 
from  1,116  tons  of  tailings  from  the  Sheba  mine,  and  1,600  ozs. 
from  2,400  tons  of  tailings  from  the  Robinson  mine,  both  by 
the  Cassel  process.  There  is  evidently,  therefore,  a  large  field 
open  for  a  good  recovery  process.  The  average  yield  per  ton 
from  the  ore  as  mined  is  a  little  over  10  dwts.,  but  it  varies 
greatly  from  4  up  to  28  dwts.  of  gold  per  ton  of  ore. 

The  following  table  ^  will  be  found  useful  as  giving  the 
crushing  capacity  of  the  mills  per  month,  the  average  yield  per 
ton,  and  the  weight  crushed  per  stamp  per  day : — 

The  Randt  Mines  and  their  Crushings. 


Tons 

Average 

yield 

of  gold 

Tons 

Name 

crushed 
in  the 

crushed 
pr  st'mp 

Date  of  return 

month 

per  ton 

per  day 

dwt. 

Klcinfontein   . 

3518 

523 

2-71 

May,  1 89 1 

Gardner  Main  Reef 

627 

8-17 

2 -41 

Ditto 

Knights  (Witwatersrandt) 

3193 

4*94 

2-6i 

Ditto 

Glencaim 

Notdis 

closed 

May  Deep  Level 

494 

28-89 

2 -06 

May,  1 891 

May  Consolidated    . 

4575 

9  06 

2*33 

Ditto 

Moss  Rose 

1800 

1044 

3-xo 

Ditto 

Primrose 

3655 

xo*i4 

2*92 

Ditto 

Simmer  and  Jack     . 

7356 

874 

2-49 

Ditto 

Stanhope 

Geldennuis  Main  Reef    . 

1500 

12-88 

3-00 

Ditto 

823 

9-88 

2-i6 

Ditto 

Stanhope  Geldenhuis 

1632 

4-38 

2-40 

Ditto 

Jumpers 

6330 

7*57 

2-IX 

Ditto 

'  Mini ftg  Journal t  1891. 
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The  Rahdt  Mines  and  theik  Crushikcs  {toHiiuued), 


craihed      jMA 
Ex  [h.  1   of  gold 

Tom 

N>«e 

m»hcd 
pt  u'mp 

DucoriHuni 

ptrd.r 

Ilcriot    .          .          .          . 

1     dwu. 
1061        5-46 

2-38 

January,  1B91 

Heniy  Nourse 

650  1  io'33 

rSg 

May,  1S91 

DoomfoDleio  Mint 

407  .    6-31 

December,  1890 

818       s-69 

2-09 

February,  1891 
May,  iS^l 

George  Gocb 

1940 

7-91 

2  33 

SpesBona      .         .         . 

*5SO 

5  54 

3-60 

Dilio 

Wolhuter        .         . 

1135 

7 '49 

2-16 

January.  1890 
May,  1891 

Meyer  and  Charlton 

1500 

1954 

2-04 

Cilf  and  SuLurban  . 

ilos 

899 

296 

Ditto 

Jubilee  .... 
New  Graharastown 

1040 

iyf>2 

2-67 

Dido 

S60 

13-86 

2-80 

February,  1890 

Koj»l     .... 

730 

9-8 1 

3-04 

May,  1891 

Salisbury        .         ,         . 

SHo 

2956 

Ditio 

Wcmmer 

3'93 

17-qi 

2 '44 

Ditto 

Fcrreiia  .... 

4776     .679 

4-01 

Ditto 

Worceslcr        . 

953    ii-iS 

Ditto 

Robinson 

3829    !6-i3 

3-48 

Ditto 

Johannesbu^  Pioneer      . 

84^  j  .6-3S 

310 

■"di^f^sinc""' 

Mint      .         .         .         . 

—     1  Not  dis 

closed 

Worked  on  tribute 

Crown  Keef  .        .       . 

57S4  1  IJ71 

3-45 

May,  1891 

Lanctiagte  Estate  . 

3Si8     1476 

3-22 

Ditto 

Langlaaete  Central 

2204  1    771 

2'08 

February,  tSol 

155* 

IO-S5 

2 '43 

May,  1891 

Lonela^te  United 

5645 

3'i6 

Ditto 

LanElnagtc  Block  B 

8023 

351 

3'29 

Ditto 

Crasus   .         .         .         . 

63s 

787 

a  "44 

Ditto 

Lanelaagte  Western         . 

568 

106S 

December.  1890 

Star         .          .          .          . 

S7S 

5  47 

2-13 

July,  1890 

Thnrsis  .         .         .         . 

980 

4  ■42 

275 

January.  1891 

Nabob    .... 

4-86 

May,  ,891 

Anglo-Tharsis 

475 

6-42 

4-13 

July,  1890 

National 

Not  dis 

closed 

Edinburgh 

480 

5 '86 

3-20 

January,  1691.  not 
disclosed  since 

Aurora   .          .          .          . 

1500      7  31 

3H 

Dec,  1B90,  ditto 

VoEehtruis     . 

S61 

6-44 

Not  dis 

c]<»ed  May,  1S91 

Roodepoort  (Kimberley) . 

Not  dis 

closed 

Durban  Koodepoort 

3545 

11-43 

a-17 

May.  1891 

United  Main  Ri-ef  . 

3336 

475 

4-36 

Ditto 

Evelyn   .          .          .          . 

4776 

4-25 

3-62 

Ditto 

Ethel      .         .         .         . 

580 

5 -9  J 

3-86 

February,  1S91 

Princeu. 

2373 

S-28 

5-37 

May.  1891 

Banket  .... 

9SO 

4a  I 

1-90 

May,  1890 
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Other  Couftfries,— Gold  is  found  in  other  countries  under 
similar  conditions  to  those  prevailing  in  the  countries  mentioned 
above. 

The  Shah  of  Persia  is  said  to  have  remitted  half  the  taxes 
of  the  subjects  of  the  province  of  Zingan  in  that  empire,  where 
gold  has  recently  been  found. 

In  India,  in  the  north-west,  detrital  gold  is  found  in  the 
sands  of  River  Ramyunga,  which  has  its  source  in  the  Hima- 
layas ;  also  in  the  gravel  of  the  Alukunda  and  the  Pindur,  out 
of  which  gold  was  formerly  washed  by  the  natives.  It  has 
also  been  observed  in  quartz  veins  in  granite  at  Kurmaon  and 
Gurwahr. 

The  production  of  gold  in  India  is  continually  on  the 
increase.  During  the  year  1889  the  amount  raised  in  the 
British  Provinces  and  Native  States  was  81,326  ozs.,  of  a  value 
of  335,773/.,  to  which  the  latter  contributed  78,345  ozs. 

In  the  Colar  gold  field  there  are  several  dividend-paying 
mines,  such  as  the  Mysore,  Nundydroog,  and  Ooregum, 
working  upon  a  north  and  south  lode  called  the  Champion. 
There  were  many  traces  of  ancient  native  workings  in  the 
district,  up  to  depths  as  great  as  200  and  300  feet,  but  it  was 
not  until  1880  that  modern  mining  can  be  considered  to  have 
commenced.  Until  1885  but  little  success  was  met  with,  and 
then  matters  took  a  favourable  turn,  and  the  following  are  the 
results  of  the  crushings  for  three  years  and  five  months  at  the 
Mysore  mine :  — 


1888 

>7»9S7  ozs.  from    20,191  tons 

1889 

44,860    „      „       30,567   „ 

1890 

59,082    ,,      „       38,812   „ 

5  months,  1891 

27,524    1,      ,»       16,282   „ 

Total    . 

I4Q,42.1  ozs.  from  io^.8i;2  tons 

The  yield  in  1890  amounted  to  i  oz.  10  dwts.  per  ton  of  rock 
crushed,  and  in  1891,  up  to  the  end  of  May,  it  was  nearly 
1  oz.  14  dwts.  The  yield  from  the  other  mines  mentioned 
was  about  the  same. 

*  Financial  Times ^  July  3,  1891. 
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In  China  it  is  worked,  and  is  almost  exclusively  in  the 
hands  of  the  mandarins,  to  whom  the  miners  are  obliged  to 
sell  gold  at  42s.  for  every  100s.  of  its  value.  From  the  differ- 
ence of  5&f.  the  mandarins  pay  a  tax  of  los,  to  the  Govern- 
ment, and  pocket  the  difference. 

The  Philippine  Islands  contain  gold  which  has  not  as  yet 
been  much  worked  by  European  enterprise. 

Aruba  Island,  one  of  the  Leeward  Islands  of  the  Caribbean 
Sea,  has  both  auriferous  quartz  reefs  and  drifted  deposits.  In 
1875, 889  tons  of  ore  were  shipped  from  this  island,  which  gave 
1 3  dwts.  of  gold,  valued  at  2/.  1 2  j.,  per  ton.  Recently  the  metal 
has  also  been  found  in  New  Guinea. 


Conciuding  Hemarks. — From  the  foregoing  descriptions  it 
will  be  seen  that  gold  occurs  in  rocks  of  the  same  age  and 
under  similar  conditions  all  the  world  over.  That  for  the  most 
part  gold-bearing  rocks  lie  below  the  Carboniferous  group. 
That  the  general  horizon  of  the  most  productive  rocks  lies  at 
what  in  North  Wales  is  the  junction  of  the  Lower  with  the 
Upper  Cambrian,  the  horizon  of  the  Lingula  flags  and  the 
beds  below.  That  schists  or  slates  of  a  steatitic,  talcose,  and 
chloritic  nature,  with  granitic  and  greenstone  rocks  of  the  same 
age,  are  the  best  depositories  of  gold.  That  it  is  finely  and 
sparsely  disseminated  throughout  the  whole  of  the  above  rocks, 
but  segregated  in  quartz  beds  and  veins.  That  in  quartz  it  is 
most  abundant  where  iron  pyrites,  titaniferous  iron,  and  other 
ores  of  iron  prevail.  That  the  idea  of  twenty  years  ago,  that 
gold  was  thrown  up  to  the  surface  of  rocks  and  died  out  in 
depth,  is  not  correct,  as,  indeed,  it  might  have  been  expected 
it  was,  since,  theoretically,  no  present  surface  of  rock  was  the 
original  surface.  Practically,  and  as  a  matter  of  fact,  gold  is 
now  profitably  worked  to  a  depth  of  1,000  feet  and  more. 
That  the  continuation  of  gold  in  paying  quantities  downwards 
depends  more  upon  the  nature  of  the  rock  traversed  by  quartz 
lodes  than  upon  the  depth  itself.  Finally,  that  it  is  probable 
that  in  Africa,  India,  Persia,  and  everywhere  where  the  great 
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mountain  ranges  composed  of  the  rocks  described  come  to  the 
surface,  gold  ///  situ  will  be  found  abundantly,  as  explorers  pay 
the  same  attention  to  them  that  they  have  done  in  California 
and  Australia.  All  along  these  mountain  ranges  detrital  de- 
posits containing  gold  may  also  be  found.  There  is,  therefore, 
no  ground  for  the  fear  sometimes  expressed  that  the  world's 
gold  supply  will  fail,  especially  if  some  simple  invention  be 
conceived  by  which  the  sea-sand  of  the  shores  of  auriferous 
countries,  like  the  black  sands  of  the  Califomian  and  Oregon 
coast,  shall  be  made  to  yield  readily  and  cheaply  their  con 
tained  particles  of  gold. 
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CHAPTER    XL 

General  Characteristics — Its  Ores — Silver  in  Russia,  Austria,  Bohemia, 
and  Saxony — Description  of  the  Mines  of  the  Erzgebirge — Hanover 
and  Brunswick— Nassau — France,  Spain,  Norway,  and  Great  Britain. 

Next  to  gold,  silver  is  the  most  useful  and  precious  of  the  metals. 
Its  hardness  is  described  as  2*5,  and  its  gravity  as  10*3  to  10*5. 
In  hardness  it  is  therefore  the  same  as  gold.  It  is  less  malleable 
than  gold,  the  thinnest  leaves  into  which  it  can  be  beaten  being 
the  i6o,oooth  part  of  an  inch  thick.  In  colour  and  streak  it  is 
silver  white  and  shining,  but  is  sometimes  tarnished  yellow,  red, 
brown,  and  black. 

Silver  occurs  in  nature  in  a  native  form,  in  which  it  is 
usually  alloyed  with  some  other  metal :  sometimes  containing 
as  much  as  10  per  cent,  of  copper  and  16  per  cent,  of  bismuth. 
It  also  occurs,  and  more  abundantly,  in  a  mineralised  form,  as 
ore,  in  which  it  is  associated  with  arsenic,  bromine,  iodine,  sele- 
nium, and  sulphur,  and  also  in  combination  with  various  acids. 
The  following  are  the  principal  of  these  combinations  : 

OliES  OF  SIL  V£R. 

Silver  Glance. — Sulphide  of  silver,  composed  of  87*04 
parts  of  silver  and  12-96  parts  of  sulphur.  This  ore  has  a 
metallic  lustre,  is  of  a  dark  grey  colour,  and  has  a  shining 
streak.  It  is  the  common  and  most  valuable  ore  of  silver.  The 
rarer  varieties  of  this  ore,  in  which  the  silver  and  the  sulphur 
are  mixed  with  other  minerals,  are  : 

I.  Brittle  Silver  Ore. — Composition  :  Silver  68-5,  sulphur 
r6'4,  antimony  147,  and  copper  o'6. 
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2.  Antimcniai Silver, — Silver  77*0,  antimony  23*0. 

3.  Polybasite, — Similar  to  brittle  silver  ore,  but  containing 
arsenic  and  copper. 

4.  Miargyrite. — Silver  36*5,  with  antimony  and  sulphur  in 
brger  proportions  than  British  silver. 

5.  Dark  Red  Silver  Ore, — Silver  59*0,  with 
antimony  and  sulphur,  coloured  to  black  with 

Ruby  Silver.   \  a  red  streak. 

6.  Light  Red  Silver  Ore. — Silver  65*4,  with 
arsenic  and  sulphur.    Colour  cochineal  red. 

7.  Euchairiie, — Films  of  silver  and  copper,  containing 
selenium. 

8.  Telluric  Silver  (Hessite). — Silver  62-8,  and  telluriimi  37*2, 
said  to  be  found  only  in  Siberia.  Contains  sometimes  a  con- 
siderable proportion  of  gold. 

9.  Xanthocant, — Silver  66*2,  with  sulphur  and  arsenic. 

10.  Stromeyerite.  —  A  steel-gray  sulphide  of  silver  and 
copper.  Sulphur  53*1,  copper  31-2,  silver  53*1 ;  sp.  gr.  =  6*26. 
Found  in  Peru,  Silesia,  Chili,  Siberia,  Arizona,  and  Colorado. 

Chloride  of  Silver,  or  Horn  Silver. — Composed  of 
75  parts  of  silver  and  25  parts  of  chlorine,  but  usually  con- 
tains a  small  quantity  of  the  peroxide  of  iron.  It  is  grey  in 
colour,  and  of  a  homy  or  waxy  appearance.  In  a  flame  it 
emits  acrid  fumes.  It  is  the  common  ore  of  the  Mexican  and 
South  American  mines.    Its  varieties  are  : 

1.  Bromic  Silver, — Containing  an  admixture  of  bromine. 

2.  Iodic  ^//z/^T.— Containing  an  admixture  of  iodine. 

3.  Emholite. — Composed  of  silver  67,  bromine  20,  and 
chlorine  13. 

In  describing  the  quality  of  silver,  it  is  said  when  perfectly 
pure  to  be  silver  of  twelve  pennyweights.  If  it  contains  one 
twelfth  part  of  alloy  with  other  metals  it  is  silver  of  eleven 
pennyweights,  and  so  on  downwards  in  the  scale  of  quality. 

Follov/ing  the  plan  adopted  in  the  description  of  the  locali- 
ties and  modes  of  occurrence  of  gold,  I  will  begin  again  in  the 
East,  and  will  notice  the  chief  mining  localities  westward. 

Russia. — On  the  east  of  Lake  Baikal,  in  the  southern  part 
pf  Central  Siberia,  are  the  mines  of  Nirchchinsk,  which  are 
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worked  in  a  crystalline  limestone  for  a  lead  ore  that  is  largely 
charged  with  silver.  Westward  along  the  same  latitude  are 
the  Kolivan  mines  of  the  Altai  mountains,  where  silver  ores 
are  obtained  from  Cambro-Silurian  schists,  interstratified  and 
intersected  with  porphyritic  rocks.  The  silver  ores  are  here 
associated  with  those  of  copper,  gold,  and  lead.  The  produc- 
tion of  the  whole  empire  may  be  estimated  at  60,000  lbs.  troy. 
In  1889  the  production  was  30,456  lbs. 

Austria  has  long  been  a  great  silver-producing  country. 
It  will  be  convenient  to  describe  first  the  mines  of  Hungary, 
and  secondly  those  of  Bohemia. 

Hungary, — The  mining  region  of  Hungary  is  usually  di  - 
vided  into  four  districts  :  i,  Upper  Hungary,  around  Schmoll 
nitz ;  2,  Lower  Hungary,  near  Schemnitz,  Kremnitz,  and 
Neusohl ;  3,  Nagbanya,  on  the  western  limits  of  Transylvania, 
and  4,  the  Banat,  around  Oravicsa  and  Szaska.  The  mines 
of  Lower  Hungary  and  the  Banat  are  best  known.  The  lodes 
of  Schemnitz  and  the  neighbourhood  traverse  a  boss  of  green- 
stone porphyry,  in  which  they  are  productive,  but  cease  to  be 
so  when  they  enter  the  trachyte  that  overlies  and  surrounds  it. 
They  run  from  east  to  west  They  are  nearly  parallel  to  each 
other,  from  about  1,000  to  2,000  feet  apart.  There  are  seven 
principal  lodes  in  one  group,  the  chief  one  of  which — the  Spital- 
berg — extends  a  known  distance  of  three  miles,  and  is  from 
ten  to  twelve  feet  wide.  Silver  prevails  at  the  western  end  of 
this  lode,  galena  at  the  eastern  end.  At  the  Windschact  a 
depth  of  330  yards  was  attained  on  this  lode,  where  bunches 
of  silver  ore  were  found  scattered  throughout  the  gangue,  which 
was  largely  composed  of  felspar. 

•  Another  lode,  the  Biebergang,  was  worked  to  a  depth  of 
about  1,300  feet,  and  for  a  length  of  three  miles.  It  yielded  an 
immense  amount  of  silver,  but  in  this  and  in  the  other  lodes 
beyond  this  depth  the  silver  gave  place  to  galena,  which  was 
less  and  less  argentiferous. 

The  mining  district  of  the  Banat,  ^  to  which  a  reference  has 
been  made  already,  forms  an  irregular  oval  area,  whose  longest 
axis  is  north  and  south.     It  has  a  base  of  granitic  and  gneissic 

'  See  also  Mining  Journal^  1877,  p.  79$,  rf  «cq. 
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rocks,  as  seen  in  fig.  17,  and  in  fig.  36,  on  which  rest  fel- 
spathic  and  poiphyiitic  rocks.  Sometimes  limestones  rest  in  the 
troughs  between  the  north  and  south  ridges,  and  frequently 
these  ridges  are  thrown  up  in  the  midst  of  altered  cretaceous 
limestones,  which  abut  against  them.  Most  of  the  mineral 
deposits  belong  to  the  group  of  contact  deposits,  and  are 
usually  richest  in  mineral  near  the  surface.  The  minerals 
found  are  very  various — gold,  silver,  copper,  lead,  zinc,  and 
tmn.    Most  of  the  minerals  seem  to  have  been  deposited  as 
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sulphides,  which  character  they  retain  in  depth;  but  near  the 
■urface,  through  contact  with  the  atmosphere,  they  have  become 
oxidised.  As  a  rule,  the  deposits  become  poorer  for  minerals, 
tx>th  as  to  quantity  and  quality,  southwards. 

Silver  is  found,  in  a  group  of  mines  near  Dognacska,  asso- 
ciated with  lead  and  copper.  At  the  Barbara  Mine  the  ore  is 
dressed  into  three  qualities:  (i)  Oxidised  lead  ores,  contain- 
ing 20  per  cent  of  lead  and  10  ounces  of  silver  to  the  ton ; 
(3)  galena,  with  34  per  cent  of  lead  and  16  ounces  of  silver  to 
the  ton;  (3)  cupreous  pyrites,  containing  i  per  cent  of  copper 
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and  18  ounces  of  silver.  These  mines  are  worked  in  deposits 
that  lie  between  a  dyke  of  syenite  and  overlying  limestone; 
the  ore  is  usually  found  on  the  upper  side  of  the  deposits, 
under  the  hanging  wall  of  the  limestone.  At  the  old  mine  of 
Simon  Judas,  fig.  36,  the  ore  was  an  argentiferous  copper.  The 
ores  were  copper  glance  and  copper  pyrites,  which,  in  the  upper 
part  of  the  mine,  contained  30  per  cent,  of  metallic  copper  and 
18  ounces  of  silver  to  the  ton  of  ore,  but  the  ores  became 
so  poor  in  depth  as  not  to  be  worth  following  downwards.  At 
another  mine,  the  Jupiter,  the  gold  associated  with  mundic 
contained  15  per  cent  of  silver. 

Bohemia  and  Saxony.— Crossing  now  to  the  north-west 
of  Austria,  we  reach  the  range  of  the  Erzgebirge,  or  Silver 
Mountains,  that  divide  Saxony  from  Bohemia.^ 

This  is  the  classic  ground  of  German  metalliferous  mining. 
Here  it  was  that  Werner  taught,  and  here  he  started  that  con- 
troversy between  Aqueous  and  Plutonic  forces,  and  the  part 
each  has  played  in  the  history  of  the  earth,  which  even  now, 
after  the  lapse  of  a  century,  disturbs  and  divides  geologists. 
Here,  too,  as  the  result  of  careful  plodding  work,  the  Germans 
have  attained  the  van  of  scientific  mining. 

About  the  year  1170,  a  Bohemian  labourer  travelling  near 
Freiberg,  then  covered  with  a  vast  forest,  sat  down  to  rest 
himself  on  a  stone  by  the  wayside.  He  saw  a  stone  lying  at 
his  feet,  like  others  he  had  before  seen  in  the  Hartz.  He 
carried  a  part  of  it  with  him  on  his  way,  and  as  soon  as  he 
could  he  had  it  tested.  It  proved  to  be  galena,  rich  in  silver. 
He  returned  with  some  comrades,  and  searched  for  the  lode 
from  which  he  supposed  the  stone  had  been  derived,  and  was 
successful.  Some  years  afterwards,  the  Duke  of  Brunswick 
having  offered  an  outrage  to  the  wife  of  an  officer  of  the  mines 
in  the  Hartz,  the  miners  revolted,  deserted  the  mines,  and 
following  as  a  leader  one  of  the  discoverers  of  the  Freiberg 
lode,  established  themselves  in  a  village  near  it,  which  they 

*  Daubisson,  Des  Mines  de  Freiberg ;  Weissenbach,  Gangverhdltnisst 
atis  dem  sdchsischen  Erzgebirge;  ibid.^  Ueber  GangformaH^n ;  Percy, 
Metallurgy  of  Lead^ 
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called  Christiansdorf,  which  afterwards  came  to  be  called 
Freibeig.  The  mines  grew  in  number  and  in  production, 
enriching  the  miners,  and  also  the  royal  owners  of  the  soil 
The  town  became  prosperous  and  rich.  It,  with  the  whole 
district,  suffered  in  the  different  wars,  especially  during  the 
Thirty  Years'  War ;  but  it  again  prospered,  and  became  famous 
for  the  school  of  mines,  of  which  Werner  was  a  distinguished 
professor.  Even  now,  although  some  of  the  mines  are  ex- 
hausted and  others  are  worked  at  great  depths,  it  is  the  chief 
mining  centre  of  Europe. 

The  greater  proportion  of  silver  produced  by  Saxony  and 
Bohemia  is  obtained  from  the  Erzgebirge.  Fig.  37  shows  tlie 
general  structure  of  this  range  of  mountains.  The  central  boss 
or  ridge  of  these  mountains  is  composed  of  granite,  i,  which  in  its 
upper  portion  passes  on  both  sides  into  gneiss  2  2.    The  gneiss 
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Fio.  37.— Diagram  Section  across  the  Erzcbrircs. 

is  succeeded  by  a  series  of  micaceous  slaty  rocks,  3  3,  which  in 
their  turn  are  covered  by  a  succession  of  clay  slates,  4  4.  Then 
come  the  Carbonif&rous  rocks,  5  5,  and  the  Permian,  6  6.  The 
succession  of  the  strata  is  the  same  on  both  sides  of  the  range, 
but  the  Bohemian  side  is  the  steepest 

Between  the  beds  of  gneiss  there  are  beds  of  v^uartz, 
together  with  bedded  and  irregular  porphyritic  rocks.  The 
micaceous  and  clay-slate  beds  also,  as  in  this  country,  contain 
many  beds  of  porphyry,  trap,  and  limestone,  together  with  beds 
impregnated  with  iron  pyrites.  The  granite  is  composed  of 
fine  grains  of  felspar,  quartz,  and  mica,  the  latter  giving  to  it  a 
somewhat  leafy  texture.  It  is  also  traversed  by  thin  basaltic 
dykes  and  quartz  veins,  and,  as  may  be  supposed,  it  forms  the 
highest  peaks  of  the  range.  The  gneiss  is  formed  of  white 
felspar,  quartz,  and  mica,  running  in  sinuous  layers.     Besides 
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these,  its  regular  constituents,  it  contains  in  places  schorl, 
tourmaline,  and  earthy  and  steatitic  substances— the  latter 
probably  decomposed  felspar.  The  gneiss  varies  in  hardness ; 
where  the  quartz  prevails  it  is  as  hard  as  granite,  while  towards 
the  surface  and  near  the  veins  it  is  tender,  and  offers  but  slight 
resistance  to  the  miner.  It  is  regularly  stratified,  and  the  dip 
of  the  beds  varies  considerably.  Close  to  Freiberg  it  is  nearly 
horizontal;  to  the  north  its  ridges  are  parallel  to  the  mountain 
range;  to  the  south  the  dip  inclines  south-west.  Interstratified 
with  the  gneiss  and  slates,  which  I  have  already  described, 
there  are,  as  1  have  said,  beds  of  compact  felspar,  hornblende, 
calcareous  matter,  and  layers  of  pyrites. 

The  strata  described  are  traversed  on  the  Saxon  side  of  the 
range,  and  within  no  great  distance  of  Freiberg,  by  about  nine 
hundred  lodes,  which  are  classified  into  four  groups,  each  group 
having  more  or  less  affinity  with  the  rest. 

The  First  Group^  sometimes  called  the  Precious  Quartz 
Group,  consists  of  quartz  veins.  It  comprises  about  150  lodes, 
which  range  from  six  inches  to  one  foot  in  width,  and  which 
have  a  direction  NNE.  by  SSE.,  with  a  dip  or  inclination  of  70 
to  80  degrees  to  the  west.  Tlie  quartz  is  often  intermixed  with 
fragments  of  the  adjoining  rock,  and  is  sprinkled  with  pyrites. 
It  contains  druses  and  cavities,  in  which,  and  in  nests  irregu- 
larly distributed  throughout  the  lodes,  lie  the  metalliferous 
minerals.  The  silver  ores  contained  are  silver  glance,  polybasite, 
miarg)Tite,  stephanite,  and  pyragyrite,  together  with  arsenical 
pyrites  and  antimonial  silver  ores.  These  lodes  are  well 
developed  near  Braunsdorf,  where  they  are  richest  in  a  dark 
carbonaceous  slaty  rock,  and  become  poor  as  they  pass  into 
the  micaceous. 

The  Second  Group  consists  of  brown  spar  veins,  and  is  also 
known  as  the  Precious  Lead  Group.  It  numbers  about  340 
lodes,  which,  besides  containing  quartz,  are  charged  with  dial- 
logite  and  the  spathic  carbonates,  chiefly  brown  spar.  The 
metallic  ores  are  galena,  rich  in  silver  and  blende,  with  iron 
pyrites.  These  minerals  are  often  beautifully  arranged  in  layers. 
In  the  cavities  are  also  silver  ores  and  lumps  of  native  silver, 
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one  of  which  has  reached  one  hundredweight  These  lodes 
have  a  north  and  south  direction,  and  dip  to  the  west 

The  Third  Group  is  composed  of  lodes,  whose  matrixes  are 
the  oxides  and  carbonates  of  iron  mixed  with  fluorspar  and 
sulphate  of  baryta.  This  is  also  known  as  the  Barytic  Lead 
Group.  It  numbers  about  130  lodes,  which  are  occasionally  of 
great  size,  and  present  some  fine  examples  of  the  banded 
structure  of  veins.  Lodes  of  this  group  traverse  the  higher  Car- 
boniferous and  Permian  groups  of  strata,  and  they  are  strongest 
ftnd  contain  most  silver  ores  north  of  Freiberg. 

The  Fourth  Group  prevails  east  of  Freiberg,  and  consists  of 
veins  from  two  to  three  inches  wide,  of  which  there  are  about 
three  hundred.  The  gangues  are  carbonate  of  lime,  sulphate 
of  baryta,  and  fluorspar.  The  metalliferous  ores  comprise 
galena,  blende,  copper  and  iron  pyrites,  mispickel,  and  the 
usual  silver  ores.  The  galena  contains  10  to  60  ounces  of 
silver.  It  is  also  known  as  the  Pyritic  Lead  Group.  These 
lodes  become,  as  at  the  Jungehohebirke  and  Morgenstern 
mines,  cupriferous  when  quartz  prevails  as  a  matrix,  and  then 
the  metalliferous  ores  are  the  red  and  black  oxides,  and 
the  blue  and  green  carbonates  of  copper  with  copper  pyrites, 
vitreous  copper  with  silver  and  purple  copper  ore.  These 
copper  ores  contain  about  10  ounces  of  silver  to  the  ton,  and 
a  slight  proportion  of  gold.  The  average  proportion  of  silver 
in  the  galena  of  this  region  is  49  ounces.  In  ordinary  vein 
stuffs  16  ounces  to  30  ounces  to  the  ton  of  ore  is  the  varying 
proportion. 

On  a  more  limited  scale  this  description  of  the  Freiberg 
district  will  apply  to  the  Bohemian  side  of  the  range.  The 
average  depth  to  which  the  lodes  have  been  worked  is  1,500 
feet,  and  at  this  depth  they  are  persistently  rich  in  ore. 

Observations  made  during  a  great  number  of  years  seem  to 
point  that  the  productiveness  of  lodes  depends  among  other 
things  on  the  power  of  the  enclosing  strata  to  conduct  heat  and 
electricity,  and  hence  upon  their  composition  and  density,  so 
that  certain  rocks  are  called  '  carriers ' — the  moderately  dense 
dotes  and  gnessic  rocks  possessing  these  qualities. 
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The  Rothschonberg  tunnel  just  completed  is  nearly  twelve 
miles  long,  and  will  drain  these  mines  to  a  depth  of  1,700  feet. 

The  annual  yield  of  silver  from  the  Bohemian  side  of  the 
range  may  be  estimated  at  30,000  marks.  The  total  production 
of  Austria  is  about  110,000  marks.  The  annual  production  of 
Saxony  from  the  Erzgebirge  is  about  60,000  lbs.,  which  has 
been  the  average  for  a  great  number  of  years. 

Hanover  and  Brunswick. — Another  great  centre  of  Ger- 
man mining  industry  is  the  Hartz  range  of  mountains,  the  strata 
and  lodes  of  which  will  be  more  fully  described  when  we  come  to 
speak  of  lead.  Jt  is  only  necessary  to  observe  further  now  that 
the  lead  ores  of  this  region  are  among  the  richest  in  Europe  for 
silver.  The  annual  production  of  the  district  may  be  estimated 
at  about  30,000  lbs. 

Nassau.* — Passing  down  the  centre  of  Europe,  we  cross  the 
highly-mineralised  litde  duchy  of  Nassau,  whose  production  of 
silver  is  equal  in  value  to  30,000/.  A  good  proportion  of  this  is 
obtained  from  lead  ores,  which  contain  from  '003  to  *oo6  per 
cent,  of  silver.  In  some  instances  the  silver  reaches  i  per  cent 
of  the  ore.  Clean  ores,  free  from  impurities,  are  found  in  the 
breccia  of  lodes.  Silver  ores  proper  also  occur  in  quartz  lodes 
near  Holzappel ;  and  spots,  plates,  and  dendritic  incrustations 
of  silver  occur  in  lodes  filled  with  quartz  ;  and  brown  ironstone 
and  covering  lead  ores  near  Oberlahnstein. 

France.* — Passing  from  Germany  to  France,  nearly  all  the 
lead-producing  mines  give  silver,  and  special  mention  may  be 
made  of  the  following  principal  mining  centres  where  silver  is 
produced  :  i.  The  ddpartement  d'lsbre,  des  Hautes-Alpes ;  2. 
ddpartement  du  Puy-de-D6me,  in  Central  France;  and  3.  dd- 
partement  des  Basses- Alpes,  du  Var,  and  des  Alpes-Maritimes. 
The  total  amount  of  silver  produced  in  France  amounts  to 
about  50,000  kilogrammes. 

In  the  department  of  Isfere,  south-east  of  France,  silver  was 
first  found  in  1767,  by  a  goatherd  who  was  looking  for  his  kid, 

'  Odernheimer,  Das  Berg-  und  HiiUetvwesen  im  Htrzogthum  Nassau, 
•  Cailloux,  Mines  MitaUiques  de  la  France ;  Henwood,  MetaUi/erous 
Deposits, 
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in  Chalanches  d^Allemont,  a  spur  of  the  great  Alpine  chain. 
Tlie  axis  or  foundation  of  this  part  of*  the  Alps  is  a  coarse 
granite,  that  changes  occasionally  into  gneiss,  both  granite  and 
gneiss  changing  occasionally  into  fine-grained  cr}'stalline  masses. 
They  are  overlaid  by  hornblende  slates,  into  which  the  gneiss 
graduates.  The  general  direction  of  the  beds  is  north  and 
south.  Traversing  these  rocks  are  eight  principal  lodes,  which 
run  at  varying  distances  from  each  other  east  and  west  They 
have  a  dip  of  50  to  70  degrees,  chiefly  to  the  north,  but  varying 
along  their  course.  These  lodes  range  in  size  from  6  inches  to 
2  feet  6  inches  wide.  They  are  filled  up  largely  with  the 
materials  of  the  rocks  they  traverse,  but  they  also  contain  cal- 
careous spar,  felspar,  quartz,  and  hornblende,  witli  smaller 
proportions  of  asbestos,  chlorite,  epidote,  mica,  and  talc 
Silver  is  found  in  these  lodes  in  a  variety  of  forms — native, 
mixed  with  antimony,  with  antimony  and  sulphur,  and  with 
sulphur  and  salt  The  ores  are  most  plentiful  in  a  matrix  of 
earthy  brown  iron  ore,  and  also  where  the  lodes  are  charged 
^ith  calcareous  spar,  chlorite,  and  asbestos.  Other  metallic 
minerals  are  associated  with  the  silver,  as  copper,  lead,  nickel, 
and  zinc,  with  cobalt,  and  a  variety  of  earthy  minerals.  In  the 
department  of  the  Puy-de-D6me,  the  proportion  of  silver  to 
the  lead  ore  is  400  grammes  to  100  kilogrammes.  The  lead 
ores  of  Brittany,  as  well  as  those  of  other  mining  districts,  con- 
tain, as  I  have  said,  more  or  less  silver. 

Spain  is  an  old  silver-producing  countr)\  The  metal  is  not 
found  alone  so  much  as  associated  with  lead.  The  strata  and 
the  lodes  in  which  the  latter  occurs  will  be  described  under  the 
head  of  that  metal.  According  to  Strabo,  40,000  men  were 
formerly  employed  at  the  mines  of  Carthagena,  and  the  daily 
returns  of  silver  amounted  to  20,000  drachmas  (8|^.),  or  911/.  js. 
sterling.  In  1839  a  lode  of  argentiferous' galena  was  discovered 
in  the  same  neighbourhood,  which  gave  1,800  arrobas,*  or  about 
20  tons  of  lead  ore  per  day.  The  lead  ores  of  the.  Sierra  de 
Gador  only  give  2  ounces  of  silver  to  the  ton.     The  galena  ol 

*  I  anoba  »  25  lbs. 
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Linares,  in  the  province  of  Jaen,  gives  about  9-  ounces  to  the 
ton.  The  galena  of  the  Jaroso  vein  of  the  Sieffc«de  Almagrera, 
between  Carthagena  and  Almeria,  is  exceedinyy.rfch  in  silver, 
yielding  as  much  as  130  to  180  ounces  to  the  t(yii";':while  that 
of  the  lead  ores  of  Homachos  are  said  to  give  io^.tJunces  to 
the  ton.  The  silver  is  most  abundant  in  the  upper  decc)«jposed 
parts  of  the  lodes,  where  it  is  combined  with  sulphate '6f  lead 
and  the  hydrated  oxide  of  iron.  ,,-' 

As  a  rule  the  lead  from  the  slaty  rocks  of  Spain  is'richer 
in  silver  than  that  derived  from  the  limestones.    The '{otA 
annual  production  of  silver  in  Spain   may  be  estimated* 'Vt;' 
120,000  lbs. 

Norway. — We  have  retraced  our  steps  eastward  somewhat 
in  visiting  Spain,  and  now  we  must  take  a  long  stride  to  the  * 
north-west  margin  of  Europe,  wliere,  in  the  south  of  Norway, 
we  find  the  most  celebrated  silver  mine  cf  Europe,  that  of 


Fic.  38. — Diagram  of  the  Silver  1'ahldands  at  Koncsdero,  Norway. 

I  1  X  I,  Fahlbands  in  gneissose  and  micaceous  slates.    2222,  Veins.     Dark  shadings 

rich  ores.     3,  Gneiss. 

Kongsberg.  It  was  discovered  in  the  year  1623,  and,  with  the 
exception  of  a  few  intervals,  it  has  been  worked  until  now.  The 
ore  occurs  at  this  mine,  as  will  be  seen  by  a  reference  to  fig.  38, 
not  so  much  in  true  lodes,  as  in  a  succession  of  layers  of  partly 
decomposed  rock,  known  as  *  fahlbands,'  or  *  rotten  belts,'  1 1 1 
of  section.  There  are  seven  of  these  layers  interstratified  with 
gneissic  and  slaty  rocks,  and  with  which,  in  structure,  they 
have  much  in  common.  They  have  been  found  productive  of 
silver  over  a  length  of  several  miles,  and  a  breadth  of  about  a 
thousand  feet.  The  ore  is  finely  disseminated  throughout  the 
layers,  but  not  in  sufficient  quantities  to  pay  for  mining  in  the 
rocks  themselves.  These  decomposed  beds  are,  however,  as 
well  as  the  adjacent  strata,  traversed  by  true  veins  also  con- 
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taining  silver  oj-es^Tind  the  profitable  deposits  of  ore  lie  at  the 
junction  of  tlie;^C)ihs  with  the  fahlbands ;  the  veins  as  well  as 
the  beds  hejitg,  jtbo  poor  to  work  alone  at  a  distance  from  the 
points  of -ratersection.  The  total  yield  of  silver  in  Norway 
may  be  ^sfimated  at  20,000  lbs.  troy.  Silver  is  also  derived 
from  the  lei'd  ores  of  both  Norway  and  Sweden. 

GRBi^T  Britain. — We  now  cross  over  to  the  British  Isles, 
in  wjiich,  although  there  is  not  a  single  silver  mine  proper,  the 
prpduction  of  this  metal  amounted  in  1876  to  483,422  ounces,* 
{CXjas'^ich  if  we  add  the  production  of  several  mines  which  did 
/ijifspecify  the  amount  of  silver  obtained,  the  quantity  will  be 
'•j^ought  up  to  500,000  ounces.     This  amount  was  obtained 
'•''.•from  80,000  tons  of  lead,  so  that  the  proportion  of  silver  to 
>.  •  the  ton  of  ore  was  6J  ounces.     The  lead  itself,  as  we  shall  see, 
•    is  derived  from  two  different  geological  formations  :  ist,  the 
slates  of  the   Llandeilo  beds  of  the  Cambro-Silurian  strata, 
and,   2nd,   the  beds  of  the  Carboniferous  limestone      The 
mines  worked  in  the  former  and  older  rocks,  as  in  Spain,  gave 
the  largest  percentage  of  silver.      Of  individual  mines  from 
this  formation  we  find  the  highest  yield  of  silver  from  Great 
Laxey  Lead  Mine  in  the  Isle  of  Man,  where  2,500  tons  of 
ore  gave  103,332  ounces  of  silver,  or  over  40  ounces  to  the  ton. 
Foxdale  Mine,  in  the  same  island,  gave  a  nearly  equal  propor- 
tion.   West  Chiverton  (see  fig.  87),  in  Cornwall,  was  the  next 
best,  giving  29,925  ounces  of  silver  to  1,594  tons  of  ore,  or 
about  18  ounces  to  the  ton.     In  Devonshire,  the  Frank  Mills 
Mine  gave  14  ounces  to  the  ton.     The  average  of  the  mines  in 
Shropshire  was  6  ounces,  of  Cardigan  7  J  ounces,  and  of  Mont- 
gomery 8^  ounces.     The  silver  from  the  latter  county  came 
chiefly  from  the  Van  Lead  Mine,  near  Llanidloes  (see  fig.  83). 

Turning  to  the  mines  worked  in  the  Carboniferous  lime- 
stone, the  percentage  of  silver  to  the  ton  of  ore  was  3  ounces 
in  Northumberland  and  Durham,  4J  ounces  in  Westmoreland, 
2  ounces  in  Yorkshire,  5  ounces  in  Flintshire,  and  4  ounces  in 
Denbighshire.  The  limestones  of  Derbyshire  are  not  reported 
as  yielding  any  silver.     Single  mines  in  the  limestone  have 

*  Hunt,  A f infra/  Statistics  of  Great  Britain  and  Ireland, 
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made  large  returns  of  silver,  thus  from  some  of  the  ores  of 
Alston  Moor  as  much  as  80  ounces  to  the  ton  of  ore  has  been 
obtained. 

In  Cornwall,*  about  Liskeard,  galena  has  been  found  most 
productive  of  silver  when  it  has  been  mixed  with  a  little 
copper,  and  when  this  mixture  took  place  in  clay  slate  there 
was  often  a  yield  of  16  ounces  of  silver  to  the  ton.  Silver 
is  also  there  more  abundant  in  hard  than  in  soft  strata. 
The  cross  veins  of  that  county  do  not  usually  contain  much 
metallic  mineral,  but  in  some  mines,  at  a  depth  of  about  100 
fathoms,  some  profitable  bunches  of  vitreous  silver  enclosing 
crystals  of  galena  have  been  found.  At  Wheal  Ludcot  crystal- 
line grains  of  both  vitreous  and  ruby  silver  with  flakes  and 
threads  of  native  silver  have  been  found.  At  Herodsfoot 
Mine,  at  a  depth  of  127  fathoms,  when  the  galena  has  been 
found  of  large  grains  it  has  not  usually  been  rich  in  silver; 
but  on  changing  into  a  fine  grained  ore  in  a  brecciated  lode,  it 
has  become  highly  argentiferous.  The  same  result  has  been 
found  to  occur  under  similar  conditions  in  the  lode  at  Goginan 
in  Cardiganshire.  The  metal  is  found  associated  with  the 
copper  and  lead  ore,  known  as  bluestone,  at  Morfa  Ddu,  in 
Anglesea ;  and  in  County  Wicklow,  Ireland,  it  has  been  observed 
disseminated  in  a  bed  of  brown  oxide  of  iron.  A  description 
of  some  of  the  chief  silver  lead-producing  mines  of  the  British 
Isles  is  given  in  the  chapters  treating  of  lead  ores. 

The  quantity  of  silver  obtainable  from  the  lead  ore  pro- 
duced from  the  mines  in  the  United  Kingdom  (with  the  Isle  of 
Man)  in  1890  amounted,  according  to  the  mineral  statistics  of 
that  year,  to  291,724  ounces,  of  a  value  of  58,040/.  In  calcu- 
lating this  quantity  the  amount  of  silver  in  ores  containing  less 
than  3  ozs.  per  ton  was  omitted,  and  it  was  assumed  that  on  the 
average  ^  oz.  silver  remains  in  each  ton  of  desilverised  pig  lead. 

*  De  la  B6che,  Geological  Report  on  Cornwall  \  Htnyt oo<\,  Mefalli/erous 
Deposits, 
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CHAPTER    XII. 

SIL  VER—amiinued^ 

Silver  Ores  of  North-Eastern  America— North -Western  America— The 
Comstock  Lode  and  Ruby  Hill,  Nevada — The  Emma  Mine,  Utah — 
Similarity  of  the  Deposits  northwards  and  southwards — Red  Mountain 
District,  Colorado — Yankee  Girl  Mine. 

North    America,  Eastern, — Crossing   again  to    the   North 

American  continent  we  find  that  in  its  eastern  half  the  silver 

j  produced  is  obtained,  as  in  Britain,  chiefly  from  the  ores  of 

/  lead.     This  is  more  or  less  true  of  the  lead  mines  from  New 

/  Brunswick  southwards,  and  the  same  remark  may  be  made  of 

I   the  lead  region  of  the  Upper  Mississippi  and  Missouri,  so  that 

I   there  is  nothing  in  its  occurrence  in  these  regions  to  require 

I    special  notices. 

'  North  America,  Western, — It  is  in  western  North  America 

that  silver  mining  has  of  late  years  attained  a  magnitude  and 
importance  unprecedented  in  the  history  of  mining. 

Following  the  gold  in  the  driftal  deposits  to  its  source  in 
the  quartz  beds  and  dykes  amid  the  peaks  of  the  Rocky 
Mountains,  tlie  miners  were  for  a  long  time  intent  upon  finding 
the  auriferous  metal  alone.  During  this  period  they  cast  aside 
with  the  common  metals  a  blue-looking  substance  that  was 
more  than  usually  abundant.  The  discovery  of  known  silver 
ores  by  two  gold  washers,  who  were  digging  a  little  rescr\^oir 
for  their  use,  near  the  site  of  the  town  of  Gold  Hill,  drew 
general  attention  to  this  mineral,  so  that  now  the  number 
of  silver  mines  in  the  Western  States  is  legion.  The  quantity  of 
silver  raised  in  1889  amounted  in  value  to  the  large  sum  of 
tf97>735>73o,  which  was  distributed  over  the  various  States  as 
follows  : 


THE    COMSTOCK    LODE. 


lOS 


Ounces. 

Ounces. 

Alaska     . 

8,000 

Nevada    . 

4,8oo,ooD 

Arizona  . 

1,500,000 

New  Mexico 

1,130,000 

California 

800,000 

N,  Carolina 

3,coo 

Colorado 

.    16,000,000 

Oregon     . 

30,000 

Dakota    . 

50,000 

Texas 

232,031 

Idaho      . 

3,400,000 

Utah 

7,000,000 

Michigan 

60,000 

Washington 

80,000 

Montana 

.    15,000,000 

Other  Stales 

1,540 

Making  a  total  of  50,094,571  ounces  from  the    above-men- 
tioned States. 

It  will,  I  think,  afTord  my  readers  a  fair  idea  of  the  various 
ways  in  which  silver  ores  are  found  deposited  in  western  North 
America  if  I  select  from  the  above  States  typical  lodes  or  groups 
of  mines,  each  of  which,  besides  being  the  representative  of  a 
mode  of  deposition,  is  also  for  other  reasons  familiar  by  name 
to  most  of  them.  These  shall  be  the  Great  Comstcck  Lode  of 
Nevada,  the  Eureka  deposits  of  Eastern  Nevada,  the  Emma 
Mine  of  Utah,  and  the  Red  Mountain  District  of  Colorado. 

Usually,  the  Great  Comstock  lode  *  is  considered  a  fissure 
vein.  It  nevertheless  occurs  at  the  junction  of  two  dissimilar 
formations,  and  it  may  therefore  be  a  mineralised  bed.  It  runs 
roughly  north  and  south  along  the  eastern  slope  of  a  range  of 
hills  that  course  parallel  to  the  great  Sierra  Nevada  range,  at  a 
distance  of  about  fifteen  miles  to  the  east.  It  may  be  found  on 
a  map  south  of  the  Central  Pacific  Railway,  between  the  lakes 
Bigler  and  Carson.  The  lode  has  been  followed  for  over  four 
miles  in  length,  and  about  thirty-five  mines  have  been  opened 
along  its  course,  the  most  successful  of  them  being  known  as 
the  great  *  Bonanza '  mines.  The  Sutro  Tunnel,  which  has 
been  in  progress  nearly  ten  years,  struck  the  lode  in  the  Savage 
Mine  in  1879,  and  when  the  branches  north  and  south  (shown  on 
fig.  40)  are  completed,  the  whole  of  the  mines  can  be  drained  to 
a  depth  of  2,200  feet,  from  the  outcrop  of  the  lode  on  the  side  of 
Mount  Davidson.     The  width  of  the  lode  varies  from  100  to 

*  Raymond,  *  Mining  Statistics  west  of  the  Rocky  Mountains,'  Engi- 
neering and  Mining  younml  ^  New  Yoik,  May  1878;  Sutro,  The  Sutro 
Tunnel  to  the  Comstock  Lode, 
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too  feet,  and  it  dips  eastward  at 


0  i  M  §  I 


in  angle  of  45  degrees  from 

i)  the  horizon.    Its  course 

-  and  dip  follow,  as  I  ha\'e 

£  said,  generally  those   of 

^  the  strata  by  which  it  is 

a  bounded.      A    reference 

S  to  fig.  39  will  show  that 

s  it   lies    between    syenite 

=  below,    and    talcose  and 

g  metamarphic    slaty   rock 

5  above.     The  latter  rock 

S  contains  felspathic  dykes, 

^  and  it  is  interslratified  by 

g  felspathic  beds.    The  sy- 

g  enite  and  possibly  the  im- 

t  mediately  overiying  slaty 

a  rocks  may  correspond  to 

I  similar       silver  -  bearing 

0  strata  of  Llandeilo  age  in 
r  own   country.      The 

i  overlying  strata  with  their 

1  volcanic  dykes  and  lavas 
S  being  apparently  of  ter- 
j  tiary  age. 

2  Generally  speaking  the 
g  nonmeUllic  contents  of 
I  the  lode  consist  chiefly  of 
-'  quartz,  fluorspar,  chlorine, 

and   sulphur,  throughout 
which    are    disseminated 

§  gold  and  silver  in  the  pro- 

I  portion  of  about  one-third 

u  gold  and    two-thirds  sil- 

5  ver.  But  httle  antimony  is 

I  found  with  the  silver. 

*  The  lode  is  not  uni- 

£  fornily  rich  throughout,  as 
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will  be  inferred  from  the  segregation  of  the  ore  into  great  oie 
bodies,  as  shown  in  the  longitudinal  section,  fig,  40.  Starting 
on  the  north  of  the  section,  and  passing  by  the  scattered  ores 
of  the  Utah  and  Alten  mines,  we  find  four  chief  ore  bodiec 
between  the  Utah  and  the  ChoUar  Potosi,  a  distance  of  over 
12,000  feet.  The  first  of  these  ore  bodies  in  the  Sierra  Nevada 
ground  contains  gold  and  silver  to  the  value  of  from  i/.  to  2/. 
per  ton,  besides  which  it  has  low  grade  ores  of  the  value  of  from 
12S.  to  30^.  per  ton,  which  at  present  hardly  pay  for  working. 
The  ground  has  been  explored  to  a  depth  of  600  feet  below  this 
ore  deposit,  but  has  proved  barren.  Between  this  and  the  next 
ore  body,  in  the  Ophir  and  Mexican  claims,  is  a  stretch  of  1,600 
feet  of  comparatively  barren  ground.  This  second  ore  body  is 
partly  exhausted  of  its  rich  ores,  of  which  it  has  yielded  im- 
mense quantities.  A  large  quantity  of  low  grade  ores  remain, 
which  cannot  now  be  profitably  worked.  At  a  depth  of  about 
700  feet,  the  lode  was  pinched  and  partiy  filled  by  porphyries, 
the  quartz  disappearing  ;  but  an  ore  body  lies  at  a  greater 
depth  in  the  Consolidated  Virginia  Mine.  The  next  ore  body 
starts  in  Gould  and  Curry's  ground ;  it  is  over  2,000  feet  in 
length  and  1,000  feet  in  depth.  This,  the  Potosi  Chimney, 
has  been  one  of  the  richest  deposits,  and  has  yielded  about 
3,000,000/.  Its  rich  ores  were  extracted  at  the  rate  of  650 
tons  a  day,  at  a  value  ranging  from  17/.  to  25/.  per  ton  of  ore. 
It  ran  out  in  depth  into  a  quartzose  rock,  six  feet  wide,  mixed 
with  clayey  matter.  A  similar  deposit  to  the  last  occurs  in  the 
Chollar  Potosi  mine.  Latterly  a  lower  ore  deposit  has  been 
struck  in  the  Hall  and  Norcross  Mine,  at  a  depth  of  1,100  feet. 
It  has  been  laid  bare  for  260  feet,  and  it  is  from  six  feet  to 
thirty  feet  wide.  Its  ores  differ  from  those  on  the  higher  levels 
in  containing  more  galena,  copper,  iron,  and  blende.  They 
average  6/.  per  ton,  although  selected  parcels  have  made 
13/.  per  ton.  The  richer  portions  are  irregularly  distributed 
through  the  thirty  feet  of  quartz  lode,  portions  of  the  latter 
from  fifteen  to  twenty  feet  square  only  yielding  5/.  to  the  ton. 
The  shaft  of  the  next  mine,  the  Savage,  has  reached  a  depth  of 
2,300  feet,  and  it  is  this  mine  which  the  Sutro  Tunnel  has  just 
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entered.  At  a  depth  of  i,ooo  feet  it  entered  the  ore  body  just 
described. 

Below  the  Chollar  Potosi  deposit,  at  a  depth  of  800  to  1,200 
foet,  the  lode  was  partly  filled  with  porphyries,  with  occasional 
thin  quartz  seams,  containing  only  traces  of  ore.  It  had  a 
large  quantity  of  ore,  varying  in  value  from  3/.  to  5/.  per  ton. 

Another  great  ore  body  extends  from  the  Exchequer  to  the 
Crown  Point.  From  this  also  most  of  the  rich  ores  have  been 
extracted,  leaving  a  large  quantity  of  the  value  of  from  2/.  to 
3/.  per  ton.  In  the  various  mines  on  this  part  of  the  lode,  at 
depths  ranging  from  1,100  to  1,500  feet,  the  lode  expands  to 
about  90  feet  in  width,  made  up  largely  of  porphyry  and  com- 
pact quartz,  containing  small  quantities  of  the  sulphides  of  lead 
and  zinc,  with  only  traces  of  silver.  These  metallic  ores  were 
found  in  quartz  seams  on  each  side  of  the  lode,  the  middle  of 
which  for  a  great  thickness  was  filled  up  with  barren  porphyry. 
As  a  rule  the  more  compact  the  quartz  the  less  productive,  and 
the  more  sugary  it  becomes  the  more  largely  it  is  charged  with 
metallic  ores.  It  will  be  observed  that  there  is  a  deeper  ore 
body  in  the  Belcher  and  Crown  Point  claims.  Thus  far  these 
deeper  ore  bodies  have  not  been  so  rich  or  so  large  in  metals 
as  the  higher  ones  ;  the  matrix  also  contains  more  carbonate 
and  sulphate  of  lime.  It  becomes  a  serious  question  whether 
the  productive  character  of  the  lode  has  ceased  in  depth,  or 
whether,  as  in  the  case  of  the  Chanaracillo  Mine,  fig.  44,  the 
lode  is  only  temporarily  pinched  by  passing  through  porphyry 
and  calcareous  ash.  It  is  much  feared  that  the  former  is  the 
case.  Explorations  will,  however,  be  aided  by  the  deep  tunnel 
now  made.  The  mines  willbe  drained,  and  the  low  grade  ores, 
of  which  large  quantities  remain,  may  be  mined  more  cheaply. 

The  estimated  value  of  the  yield  of  the  Comstock  lode  for 
some  years  has  been  3,500,000/.,  and  its  total  yield  since  its 
discovery  in  the  year  1859,  70,000,000/.  sterling. 

The  country  adjacent  to  the  Comstock  lode  is  reticulated 
with  lodes  and  veins.  Some  of  the  chief  of  these  are  shown  on 
the  section,  fig.  39.  In  the  Flowery  district  the  Lady  Bryan 
Mine  is  worked  at  surface,  near  300  feet  wide.     Native  silver 
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has  been  found  in  it,  and  fine  sulphides  yielding  the  value  of 
9/.  to  the  ton  of  ore.  The  Monte  Cristo  lode  has  also  yielded 
in  places  large  returns. 

The  town  of  Eureka,'  which  has  grown  up  within  the  mines 
of  the  district,  is  situated  in  the  eastern  part  of  the  State  of 
Nevada,  91  miles  south  of  Palisade  station,  on  the  Central 
Pacific  Railway,  with  which  it  is  connected  by  a  narrow  gauge 
railway — the  district  surrounding,  which  is  traversed  by  the 
mineralised  strata  now  to  be  described,  forms  a  range  of  hills 
that  lie  between  the  ridge  containing  the  Comstock  lode  and 


the  Wahsatch  range  of  mountains  m  which  the  Emma  Mine 
with  others  is  situated  Indeed  the  country  inten  enmg  between 
the  Comstock  and  the  Emma  is  traversed  from  north  to  south 
by  several  similar  chains  of  hilts,  some  of  which  are  so  highly 
mineralised  as  to  have  given  to  Nevada  the  name  of  the  Silver 
State. 

Silver  Hill,  Prospect  Mountain,  and  Ruby  Hill  are  parts  of 
iUch  a  range  of  hills  which  lies  immediately  to  the  west  of  the 
town  of  Eureka.     They  contain  at  present  about  sixty  ^stinct 

'  EHgititering  and  Mining  ymimai  of  Nrai  Yerh,  December  1S77, 
Janu.-U7  187S. 
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silver  mines.  The  metal  was  first  discovered  here  in  the  year 
1864  by  a  party  of  miners,  on  their  way  to  White  Pine.  Some 
*  laggards'  of  the  party,  seeking  an  easier  road,  saw  some  rich 
mineral  'float' in  what  is  now  known  as  New  York  Canon. 
They  quickly  made  locations,  but  little  was  done  until  the  year 
1869,  when  a  small  furnace  was  set  up.  Later,  the  Eureka 
Consolidated  Mining  Company  was  formed  out  of  several  small 
mining  setts,  and  more  recently  the  Richmond  Consolidated 
out  of  a  number  of  others. 

The  diagram,  fig.  41,  illustrates  the  structure  of  Ruby  Hill, 
on  which  these  great  mines  are  situated,  i  consists  of  granites, 
quartzose  slates,  and  metamorphic  rocks  of  great  thickness. 
2  is  a  belt  of  limestone,  300  feet  thick.  Judging  from  the  fossils 
found  in  it,  it  is  of  Cambro-Silurian  age,  and  it  contains  segre- 
gations of  ore.  It  is  surmounted  by  calcareous  shales,  3,  and 
these  by  higher  limestones,  possibly  of  Carboniferous  age,  and 
which  form  a  belt  of  great  thickness. 

The  mineralised  belt  of  limestone,  3,  is,  where  unaltered, 
dolomitic  in  character,  containing  from  34  to  46  per  cent  of 
carbonate  of  magnesia.  It  also  varies  from  i  lo  2  per  cent,  of 
oxide  of  iron.  Where  bedding  is  apparent,  as  in  the  Phoenix 
Mine,  it  is  confoimable  to  the  rest  of  the  stratification,  but  for 
the  most  part  the  bedding  is  not  discernible,  owing  to  the 
phenomena  now  to  be  described. 

The  limestone,  2,  has  been  greatly  crushed  and  shattered, 
and  within  the  mine  workings  it  may  be  seen,  now  broken  up 
•into  great  masses,  then  roughly  crumbled  into  small  fragments, 
and  again,  especially  where  it  is  of  a  sandy  nature,  ground  into 
fine  powder.  The  shattered  fragments  have  for  the  most  part 
been  recemented  by  calcareous  matter,  and  form  a  hardened 
mass.  The  sandy  portions  of  the  limestone  are  often  dangerous, 
because  of  their  tendency  to  nm  in.  In  the  midst  of  these 
reconstructed  limestone  beds  huge  caverns  {org  chambers)  are 
found,  the  sides  and  roofs  of  which  are  lined  with  stalactite  and 
crystals  of  arragonite,  while  the  floors  are  covered  to  a  greater 
or  less  depth  with  metallic  ores.  These  caverns  are  due  to 
chemical  action,  aided  by  mechanical  causes.     In  other  words. 
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the  carbonate  of  lime  has  been  dissolved  out  of  the  mass  by  the 
infiltration  of  water,  the  passage  of  which  has  been  rendered 
easy  by  the  cracks  and  gaps  left  in  the  shattered  limestone. 

The  first  ore  cavity  found  was  on  the  site  of  the  Champion 
Mine,  and  it  lay  below  a  spot  where  ore  was  found  on  the 
surface.  Below  this  cavity,  at  a  depth  of  about  300  feet  from 
the  surface,  a  larger  cavern  has  only  recently  been  discovered. 

Besides  these  irregular  cavities,  the  limestone  is  traversed 
by  two  main  systems  of  fissures,  one  running  parallel  to  the 
strike,  and  another  at  right  angles  across  the  beds.  These  last 
are  nearly  vertical,  and  at  the  points  where  they  strike  the 
underlying  quartzite,  which  they  do  not  enter,  ore  deposits  are 
usually  found.  The  ore  deposits  have  a  general  tendency 
towards  the  dip  of  the  beds.  They  start  high  up  in  the  lime- 
stone, as  shown  in  fig.  41,  and  expand  downwards  towards  the 
rock  below.  Near  the  points  of  junction  the  richest  ores  occur, 
the  lower  grade  ranging  around  the  sides  of  the  deposits.  In 
the  Eureka  Mine  one  of  these  deposits  has  been  followed  200 
feet  along  the  strike,  and  160  feet  down  the  dip  of  the  quartzite 
rock,  and  another  body  has  been  worked  for  300  feet  along  tlie 
face  of  the  bed.  The  face  of  this  quartzose  rock  is  somewhat 
undulatory,  so  that  the  ore  is  found  filling  the  depressions  in  it, 
and  occasionally  passing  over  the  upward  cur\'e  from  one  hollow 
to  the  next. 

The  ores  consist  chiefly  of  carbonate  of  lead  largely  mixed 
with  ferruginous  matter.  The  best  quality  is  that  known 
among  the  miners  as  black  carbonate.  This  contains  from  60 
to  70  per  cent,  of  lead,  with  gold  and  silver  ranging  in  value  from 
20/.  to  40/.  to  the  ton  of  2,000  lbs.  The  ordinary  ores  contain 
from  16  to  20  per  cent,  of  lead,  with  gold  and  silver  valued  at 
from  8/.  to  15/.  per  ton.  Besides  these  ores,  there  is  an  abund- 
ance of  still  lower  grade  ores  found  especially  in  depth,  which 
with  the  present  cost  of  mining  and  transport  are  neglected. 

In  the  third  level  of  the  K  K  mine,  a  huge  mass  of  quartz 
was  found  in  one  of  the  ore  chambers.  It  was  90  feet  long, 
45  feet  wide,  and  25  feet  thick.  It  was  of  a  sugary  texture, 
and  was  probably  formed  in  situ  by  the  filtration  of  water 
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charged  with  silica.  It  did  not  hold  much  lead,  but  it  was 
rich  in  gold  and  silver,  valued  at  from  5/.  to  35/.  per  ton. 

The  general  phenomena  of  this  Ruby  Hill  limestone  and 
its  contained  minerals,  seem  to  indicate  that  the  latter  have 
been  accumulated  by  the  percolation  of  water  charged  with 
the  various  minerals  from  the  overlying  or  adjacent  older  strata. 
The  farther  downward  progress  of  this  has  been  stopped  by  the 
unbroken  quartzite  and  the  ore  largely  arrested  there.  The 
crushed  character  of  this  mass  of  limestone,  2,  seems  to  die 
out  downward ;  the  overlying  solid  limestone  beds  and  strata 
approaching  the  quartzite  in  depth.  It  is  therefore  a  V-shaped 
portion  of  the  lower  part  of  the  great  limestone  zone,  crushed 
and  broken  between  the  beds  above  and  below,  and  thus  made 
a  fitting  depository  for  the  ores  once  disseminated  throughout 
the  entire  mass,  which  have  been  added  to  the  richer  ores  that, 
possibly  prior  to  the  deposition  of  the  limestones,  had  accu- 
mulated in  the  hollows  of  the  quartzite  rock. 

The  Emma  Mine,  apart  from  the  unenviable  notoriety  it 
has  gained  by  litigation,  will  serve  my  purpose  in  illustrating  a 
deposit  of  silver  ore  under  different  geological  conditions  to 
those  of  the  Comstock  and  Eureka,  or  Ruby  Hill  deposits, 
and  it  may  be  taken  as  the  representative  of  the  group  of  mines 
with  which  it  is  associated— the  Flagstaff,  Silver  Star,  Ex- 
chequer, and  others. 

The  Emma  Mine  *  is  situated,  along  with  the  other  mines 
just  named,  in  the  Wahsatch  range  of  mountains,  the  higher 
peaks  of  which  rise  1 2,000  feet  above  the  sea  level.  The  range 
courses  north  and  south,  about  twenty  miles  east  of  the  Great 
Salt  Lake,  and  it  forms  a  parallel  ridge  of  similar  structure  to 
the  main  chain  of  the  Sierra  Nevada.  Numerous  streams  come 
leaping  and  tumbling  down  the  deep  canons  that  furrow  the 
side  of  the  range,  and  flow  into  the  Salt  Lake.  It  is  up  the 
most  southerly  of  these,  the  Little  Cottonwood  Creek,  about 
t^venty  miles  SE.  of  the  lake  that  the  Emma  and  other  mines 
are  worked. 

>  A.   C.  Peale,   United  States  Geological  Survey,  1873  ;   R-  ^'   R*'*)' 
mond,  Report  911  the  Emma  Mine,  1872. 
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Ascending  from  Salt  like  City  to  the  higher  parts  of  the 
range  up  this  creelc,  we  have  a  grand  natural  section  of  the  geo- 
logical stnicture  of  the  country.  Near  the  mouth  of  the  creek, 
on  the  west,  great  granite  peaks  covered  with  snow  rise  on 
cither  side.  The  granite  is  in  massive  beds  that  dip  at  an  angle 
of  from  50  to  70  degrees  to  the  east.  The  granite  is  of  a  liglit 
grey  colour,  and  is  composed  of  white  felspar,  quartz,  and  black 
mica.     It  is  of  this  granite  that  the  Mormon  Temple  of  Utali 


Tta,  41.— TnAHiniui  Ssctioh  or  thiGhxt  0»Chah>k>  at  thi  Euha  .Miki 
i"  =  is9ft. 

is  built.  This  continues  for  five  or  six  miles  up  an  ascent  of 
500  feet  to  the  mile,  then  the  granites  are  seen  overlaid  by 
quartzites  of  a  reddish  colour.  These  are  succeeded  by  a 
series  of  slates,  upon  which  rest  thick  beds  of  white  limestone, 
supposed  to  be  Cambro-Silurian.  The  passage  of  these  into 
the  Carboniferous  group  is  rapid,  massive  dolomiiic  limestones 
of  Carboniferous  age  being  seen  resting  upon  the  greatly  older 
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limestone  beds.  It  is  in  these  Carboniferous  limestones  that 
the  ore  deposits  are  here  found,  and  the  Emma  and  associated 
mines  worked.  Fig.  42  represents  a  transverse  section  through 
the  great  ore  chamber  of  the  mine,  from  which  it  will  be  seen 
that  the  ore  masses  correspond  roughly  to  the  line  of  bedding. 
Underneath  and  above  the  ore  horizon  there  are  beds  of  white 
dolomitic  limestones.  Between  these,  there  is  a  thickness  of 
about  250  feet,  which  seems  to  mark  the  limits  of  the  ore 
horizon.  In  this  zone  are  great  irregular  masses  of  brecciated 
limestone  that  contain  spots  and  lumps  of  galena,  and  patches 
of  soft  earthy  ore.  Following  roughly  the  lines  of  bedding, 
are  great  segregations  of  metallic  ores,  like  those  taken  out  of 
the  chamber  shown  in  the  figure.  These  metallic  ore  deposits 
seem  to  be  confined  to  the  upper  and  lower  sides  of  this 
mineralised  zone,  the  levels  that  have  been  driven  across  it 
not  having  apparently  struck  any  ore  chambers  in  the  middle 
part  of  it  The  repetition  of  these  ore  chambers  will  probably 
be  found  along  the  course  of  the  beds  at  these  horizons,  and 
down  the  dip. 

The  character  of  the  orey  matter  from  these  deposits  will 
be  gathered  from  the  following  analysis  by  Mr.  James  P.  Merry, 
of  Swansea,  of  an  average  sample  of  82  tons  of  first-class  ore: 

Per  ccni. 

Silica 40*90 

lead 3414 

Sulphur 2-27 

Antimony          ......  2*27 

Copper 0*83 

Zinc         .......  2 '92 

Manganese       .         .         .         .         .         .  0*15 

Iron 3*54 

Silver 0*48 

Alumina 0'35 

Magnesia 0*25 

Lime 072 

Carbonic  acid i  '50 

90*42 
Oxygen  and  water  by  di (Terence.        •        .  9*58 

100 'OO 

I  2 
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The  quantity  of  silver  actually  obtained  from  this  consign- 
ment of  82  tons,  was  156  ounces  to  the  ton  of  2,240  lbs.  The 
second  class  ores  yield  about  25  ounces  of  silver  to  the  ton. 
The  absence  of  lime  from  this  orey  matter  in  the  midst  of 
limestone  is  remarkable. 

The  section,  fig.  42,  shows  the  size  of  the  ore  chamber 
under  Woodman's  or  Discovery  shaft.  Further  to  the  south- 
east, under  the  Emma  shaft,  it  is  not  of  such  large  dimensions. 
It  has  only  been  explored  at  this  mine  for  a  length  of  about 
300  feet.  But  the  recurrence  of  similar  segregations  has  been 
proved  in  neighbouring  mines,  and,  judging  from  the  latest 
reports,  in  the  Emma  Mine  itself,  which  we  are  told  is  being 
worked  to  a  profit  by  the  original  American  owners,  while  the 
English  shareholders  are  engaged  in  litigation. 

Still  farther  to  the  north-east  mining  for  silver  lead  is  pro- 
gressing in  the  upper  reaches  of  the  rivers  that  form  the 
Missouri,  but  nothing  of  practical  or  scientific  interest  can  be 
added  to  the  description  just  given  of  mines  in  the  same  strata 
in  Nevada  and  Utah. 

Occurring  in  or  near  the  older  rocks,  as  in  the  Comstock 
lode  and  in  the  quartz  portions  of  the  Ruby  Hill  deposits,  silver 
is  found  as  ores  which  may  be  separated  by  washing  and  me- 
chanical action,  and  are  known  as  free  milling  ores.  As  found 
m  the  limestones  at  Ruby  Hill,  and  those  of  the  Wahsatch 
mountains,  the  silver  is  chemically  blended  with  lead  and  other 
metals,  and  the  ore  therefore  recjuires  to  be  smelted. 

Since  the  year  1881,^  the  silver  deposits  of  the  Red  Moun- 
tain District  in  Ouray  County,  Colorado,  have  been  brought 
prominently  into  notice,  owing  to  the  phenomenal  success  of 
the  Guston  mine  discovered  in  that  year,  and  of  the  Yankee 
Girl  in  the  following  year,  and  of  numerous  other  mines  which 
have  since  been  commenced  in  the  neighbourhood. 

The  ore  deposits  of  the  district  are  situated  in  a  great  dyke 
or  fissure  in  the  Trachyte  rock,  which  covers  or  caps  the  whole 
of  the  other  rock  formations  for  many  square  miles  in  this 
portion  of  the  Rocky  Mountains.  The  average  width  of  this 
dyke  is  60  feet  at  the  pointy  at  which  it  has  been  proved,  and 

'  Note  by  E.  H.  D. 
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it  is  filled  with  porphyry  carrying  the  ore — stromeyerite — in 
large  chutes  or  chimneys. 

Upon  the  surface  the  course  of  the  dyke  is  clearly  marked 
by  what  the  miners  term  *  Quartz  blow-outs,'  which  are  doubt- 
less harder  or  more  silicious  portions  of  the  dyke  which  have 
resisted  the  action  of  the  weather  better  than  the  body  of  the 
lode,  if  lode  it  may  be  called,  and  so  stand  above  the  surface 
as  landmarks.  The  miners  have  a  rough  and  ready  rule,  that 
wherever  these  blow-outs  are  found  and  are  slightly  mineralised, 
there  are  rich  bodies  of  ore  in  depth,  and  this  would  appear  to 
be  true  generally,  for  no  rich  ore  is  found  near  the  surface,  the 
principal  bodies  having  been  met  with  at  a  depth  of  200  feet. 
In  the  case  of  the  Guston  Mine  the  depth  was  230  feet, 
and  the  quantity  and  percentage  of  silver  increased  down  to 
430  feet. 

At  the  Robinson  Mine  the  rich  ore  was  struck  at  300  feet, 
and  at  the  Yankee  Girl  and  Orphan  Boy  it  was  found  at 
200  feet,  and  is  now  being  mined  at  800  feet  deep. 

The  principal  mines  are  those  which  I  have  just  mentioned, 
to  which  should  be  added  the  National  Bell,  the  Silver  Bell, 
the  Highland  Chief,  and  the  Copper  King. 

There  are  numerous  others  in  various  stages  of  develop- 
ment, and  I  annex  a  statement  of  the  number  at  work  on 
January  i,  1891,  and  the  machinery  employed,  and  a  further 
list,  giving  the  particulars  of  the  concentrating  mills  at  work 
and  their  capacity  in  tons  per  day  on  the  same  date. 

Number  of  Mines  and  Miners  and  Plant  at  Work, 

Jan.   I,  i89i.» 


Mines  working 
Miners 

Hoisting  plants 
Drilling  plants 
Diamond  drills 
Electric  plants 
Mills  and  concentrators 
Sampling  works 
Mines  producing  (in  ton 


ots) 


154 
1,684 

35 
6 

6 

7 

17 

2 

78 


>   The  Red  Mountain  Journal^  March  27,  1891. 
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Number   of  ConcentratIxNG    Mills   and  Capacity, 


Jan.  I,  1891. 

Yankee  Boy,  Mt.  Sneffles 

.     40 

Ions 

Ruby  Truth,            ,,                  .         . 

.     25 

Virginius,                 ,,                  .         .         . 

.     20 

Terrible,                   ,,                 .        . 

.     20 

Sidney,                     „                  .         . 

.     20 

Mineral  Fame,  Ilayden  Mountain     . 

.     25 

Strout,  Ouray 

.      6 

Sky  Rocket,  Ouray 

.     25 

Bright  Diamond,  Ouray    .         .         .         . 

.     30 

Gilt  Edge,  Gold  Belt        .         .         .         . 

.       5 

Huntington,  Ouray            .         .         .         . 

■            •         2i- 

Copelin,             „                .         .         .         . 

.       30 

Mickey  Breene,  Poughkeep^ic  . 

.      40 

Craig,  Yankee  Girl 

.       25 

Saratoga  (Russell  process),  Ironton    . 

.     75 

Happy  Jack  (water  wheel),  Poughk.  . 

.     20 

Robinson  of  Red  Mountain 

.     25 

The  ore  at  the  outcrops  on  the  surface  is  a  sulphide  of 
copper,  lead,  and  iron,  canying  silver  and  gold,  but  in  depth 
the  percentage  of  lead  and  iron  decreases  while  that  of  the 
silver  increases,  the  ore  gradually  becoming  almost  pure 
stromeyerite,  or  a  sulphide  of  copper  and  silver.  The  per- 
centage of  the  ore  varies  in  the  different  mines  and  at  differ- 
ent depths  from  60  ozs.  of  silver  and  -f^ths  oz.  gold  per  ton 
up  to  4  ozs.  of  gold  per  ton  and  many  thousand  ounces  of 
silver. 

In  the  National  Bell  large  quantities  of  low-percentage 
ore  are  met  with,  while  in  the  Yankee  Girl  it  is  much  richer 
and  more  uniform  in  its  character,  and  large  quantities  of  it 
run  from  300  to  600  ozs.  to  the  ton,  while  many  cargoes  of 
30  tons  have  realised  as  much  as  ;j2o,ooo. 

A  sample  of  ore  taken  in  the  Guston  Mine  at  a  depth  of 
300  feet  assayed  17,050  ozs.  of  silver  per  ton  of  2,000  lbs. 
This,  however,  was  taken  from  a  rich  band  of  mineral  15  inches 
wide  at  a  point  where  the  mineralised  portion  of  average  rich- 
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ness  was  5  feet  wide,  and  does  not,  of  course,  represent  the 
average  value  of  the  ore  in  the  mine. 

Work  was  first  begun  at  the  Yankee  Girl  Mine  in  November 
1882,  and  the  first  50  feet  of  sinking  produced  1,000  tons  of 
ore,  which  was  sent  to  St.  Louis,  and,  after  paying  all  the 
expenses  of  mining,  treatment,  and  transport,  gave  a  profit  of 
1 2/.  per  ton.  The  mineral  here  contained  60  per  cent.  lead. 
The  adit  level  cut  the  shaft  at  this  depth,  and  it  was  here 
that  the  wonderfully  rich  pockets  of  stromeyerite  were  first 
met  with,  from  which  enormous  quantities  of  ore  have  been 
taken,  which  have  realised  from  j^2o,ooo  to  ^30,000  per  truck- 
load  of  10  tons. 

Below  the  No.  i  or  adit  level,  the  lead  in  the  lode  gave 
place  to  copper  and  iron,  with  stromeyerite,  brittle  silver,  and 
gold,  which  latter,  however,  never  exceeded  half  an  ounce 
per  ton,  and  the  lode  has  now  been  followed  to  a  depth 
of  over  900  feet.  The  following  are  the  returns  of  the  ore 
produced  at  this  mine  for  the  past  seven  months,  and  its 
value. 

No  shipments  were  made  during  the  months  of  March  and 
April  owing  to  the  heavy  downfall  of  snow  ; — 


1890,  December 

580  tons 

value  ;fi6,5oo 

1891,  January 

800     ,, 

,»     ^23»>34 

,,      February 

600     „ 

,,     ;f  1 4,460 

,,      March 
,,      April   ' 

no  shipments 

,,      May 

1,110     „ 

„     ;fi8,S95 

,,     June 

1,300     »» 

„        ;^20,66l 

Totr.l 

4,390  tons 

value  ;f93,3SO 

Owing  to  the  mines  in  Colorado  being  situated  at  a  very 
considerable  elevation  above  the  sea,  over  11,000  feet,  the 
atmosphere  is  greatly  rarefied,  and  consequently  is  the  cause 
of  much  inconvenience  to  the  men,  especially  to  new-comer?, 
and  also  to  the  machiner>'  employed  in  compressing  the  air  for 
the  rock-drills,  the  efficiency  of  which  is  in  some  cases  reduced 
to  one  half  owing  to  the  rarity  of  the  aii 
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If  the  reader  will  now  take  a  map  of  western  North 
America,  and  follow  the  line  of  the  three  mineral  deposits 
south-easterly  into  New  Mexico,  Arizona,  and  Mexico,  he  will 
have  in  the  four  descriptions  I  have  just  given  the  explanation 
of  the  chief  modes  of  the  occurrence  of  silver  ores  in  those 
regions. 
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CHAPTER   XIII. 

SIL  VER— continued. 

Silver  in  Arizona— Mexico — The  Soulh    American    Continent — Peru- 
Bolivia — Chili — Western  side  of  South  America  generally — Concluding 
Observations  and  Deductions. 

In  Arizona  the  lodes  follow  the  stratification  and  extend  foi 
miles.  Those  of  the  Globe  district  correspond  to  the  class  of 
which  the  Comstock  lode,  described  in  the  preceding  chapter, 
belongs.  They  are  composed  of  quartz,  crystallised  felspar, 
yellow  spar,  and  limestone,  the  metallic  ores,  chloride  of  silver, 
and  native  silver,  with  sulphides  and  silver  glance,  besides 
which  they  carry  subsidiarily  antimony,  arsenic,  copper,  and 
galena.  This  State  has  only  been  lately  opened  up  as  a 
mineral  country,  although  its  rich  mineral  character  was  pre- 
viously known.     Its  production  in  1889  was  1,500,000  ozs. 

Mexico  was  formerly  famous  for  its  silver  mines,  and  pro- 
bably under  Anglo-Saxon  management  it  may  become  famous 
in  the  future.  We  find  two  distinct  classes  of  deposits  in  this 
region :  first,  those  of  the  old  rich  mines  of  Pachuca  real  del 
Monte  and  Moran,  which  occur,  like  the  Comstock,  between 
porphyritic  and  slaty  rocks  ;  and  secondly,  those  of  Real  de 
Calorce  and  the  mines  near  Zimapan,  that  occur  in  limestone, 
like  those  of  the  Wahsatch  range,  the  lodes  running  up  into 
even  higher  limestones.  In  both  Arizona  and  Mexico  there 
occur  large  quantities  of  native  silver,  which  some  have 
thought  have  been  naturally  smelted  from  the  ores  by  vol- 
canic heat*  In  1889  Mexico  produced  42,939,156  fine 
ounces  of  silver,  or  nearly  11  millions  more  than  in  1888. 
We  now  pass  rapidly  southwards  to  the  South  American  conti- 
nent, and  passing  by  the  mines  of  Central  America,  Venezuela, 

*  H.  S.  Jacob's  Report,  Mining  J otinial^  1877. 
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and  New  Granada,  which  are  of  increasing  importance,  we  will 
at  once  notice  the  silver  mines  of  Peru  and  the  countries  lying 
to  the  south. 

Peru. — The  name  of  Peru  is  closely  associated  with  the 
idea  of  silver  wealth.  The  great  chain  of  the  Andes,  as  it 
courses  down  western  Soulh  America,  maintains  the  same 
geological  structure  as  that  prevailing  in  the  Rocky  Mountains 
of  western  North  America,  and  the  silver  lodes  occur  under 
similai  conditions  in  both  continents. 

The  principal  silver  mines  of  Peru  are  those  grouped  about 
Yauricocha  or  Pasco,  about  half-way  down  Peru.  These  were 
accidentally  discovered  in  the  year  1630. 

The  neighbourhood  conWins  a  variety  of  silver  deposits, 


the  relationship  sustained  by  each  to  the  other  being  only  im- 
perfectly understood  scientifically.  There  are  two  principal 
silver  lodes  or  horizons  of  strata,  named  respectively  Veta  de 
Colquirica  and  Veta  de  Pariarica.  The  first  of  these  has  a 
direct  north  and  south  course,  known  for  two  miles  with  a 
breadth  or  thickness  of  400  feet.  The  second  runs  from 
WNW.  to  ESE.,  and  crosses  the  first  under  the  market-place 
of  the  toivn  of  Pasco.'  Besides  these  there  arc  in  the  district, 
as  at  the  Santa  Rosa  Mine,  argentiferous  beds  like  those  of 
Norway,  fig.  38,  only  richer. 

Mr.  Rutter,  of  Camborne,'  describes  a  series  of  such  beds, 
of  which  fig.  43  may  be  taken  as  an  illustration. 

'  13,673  fed  aliove  the  sex         ^  MirBngymininl.  Sep  I  ember  8,  1S77. 
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A  represents  a  flat  mass  of  mineralised  rock  composed  of 
gossan,  iron  quartz,  and  pyrites.  It  lies  in  a  basin -shaped 
hollow  in  limestone  and  sandstone  rocks,  which  is  about  three- 
quarters  of  a  mile  in  diameter.  Where  the  deposit  abuts 
against  or  graduates  into  the  limestone,  small  veins  containing 
lead  ore  are  observable ;  but  they  do  not  seem  to  have  any 
relation  to  the  silver  ores  of  the  deposit  At  148  yards  from 
the  surface  a  shaft  that  was  sunk  passed  through  the  deposit, 
and  entered  a  grey-spotted  porphyritic  rock,  which  lay  upon  a 
bed  of  silt,  containing  fragments  of  limestone.  It  is  a  pity  this 
shaft  was  not  sunk  deeper. 

The  details  of  the  geological  structure  of  the  country  are 
not  clearly  made  out,  and  it  may  be  that  one  of  the  two  great 
lodes  described  above  may  be  a  mineralised  series  of  beds — 
probably  the  north  and  south  one.  The  deposits  have  been 
generally  supposed  to  have  become  poorer  in  depth,  which,  if 
they  are  beds  or  segregations  of  metallic  ore,  is  reasonable  to 
expect ;  but  if  th^y  are  really  lodes  of  great  width,  there  may 
be  only  a  local  deterioration,  as  in  the  case  of  the  Ciianaracillo 
lode,  to  be  described:  but  Uie  deep  tunnel  about  to  be  driven 
by  Mr.  Meiggs,^  who  has  done  much  for  the  development  of 
Peru,  will  solve  the  problem. 

At  Hucantajaya,  nine  English  miles  from  Aquique,  there  is 
a  radiation  of  nearly  vertical  lodes  from  a  common  centre,  and 
these  are  crossed  by  smaller  veins,  containing  silver.  The  hill 
Aquique,  from  which  these  lodes  radiate,  is  composed  in  its 
upper  portion,  and  to  a  depth  of  70  yards,  of  a  conglomerate  of 
medium-sized  stones,  set  in  calcareous  matter.  In  this  con- 
glomerate the  prevailing  ore  is  a  chloride  of  silver.  Lower 
down  the  ores  change  to  sulphides. 

At  Santa  Rosa  and  Huantaca,  near  Aquique,  silver  is  asso- 
ciated with  nickel  and  copper  ores,  which  are  more  abundant 
than  at  Huantajaya,  where  the  amount  of  copper  is  reduced  to 
about  4  per  cent  of  the  metallic  ores. 

•  Heretofore  the  mines  of  this  district  have  been  very  care- 
lessly worked,  so  much  so  that  only  the  most  prolific  mines 

*  Since  the  above  was  written  Mr.  Meiggs  has  died. 
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could  pay  for  working.  The  total  yearly  yield  of  the  country 
may  be  taken  at  300,000  lbs. 

Bolivia. — Following  the  Andes  southward  into  Bolivia,  we 
reach,  about  lat.  19®  S.  and  long.  65°  W.,  the  famous  silver  mines 
of  PotosL  These  were  discovered  in  the  year  1545.  They  are 
worked  in  the  isolated  mountain  of  Potocchi,  which  rises 
16,000  feet  above  the  sea.  It  is  traversed  by  thirty- two  princi- 
pal lodes,  as  well  as  by  a  number  of  smaller  veins,  which  form 
a  network  in  the  older  rocks  of  which  the  mountain  is  com- 
posed. The  amount  of  silver  yielded  by  these  mines  since 
their  discovery  may  be  estimated  at  300,000,000/.,  or  about 
one  million  sterling  a  year,  besides  the  ore  that  has  been 
wasted  by  the  reckless  way  of  working.  The  mines  have  been 
worked  to  a  depth  of  about  1,000  yards.  The  proportion  of 
silver  ore  is  reckoned  at  i  ounce  fine  silver  to  i  lb.  of  ore. 
Peru  and  Bolivia,  taken  together,  contain  about  four  hundred 
abandoned  mines,  many  of  which  with  proper  appliances  and 
skilful  management  might  doubtless  be  profitably  worked. 

Chili. — Still  following  the  Andes  southward,  we  come  to 
the  well-ordered  Republic  of  Chili,  whose  mines  are  better 
worked,  and  are  very  numerous  and  productive.  It  may  be 
observed  here,  generally,  of  Chili,  that  its  mines  have  been 
grouped  into  four  districts,  which  are  distinguished  from  each 
other  by  the  presence  of  various  metals  associated  with  silver 
ores,  and  the  variation  in  the  ores  of  that  metal* 

Starting  on  the  north,  there  are  first  the  mines  of  the  moun- 
tains north  of  the  valley  Huasco,  which  are  richest  in  silver,  but 
which  also  contain  gold  and  copper.  Secondly,  there  is  the 
district  between  Huasco  and  Coquimbo,  in  which  are  numerous 
veins  of  pyritous  copper,  and  between  Arqueros  and  Arqua- 
amaza,  chloride  of  silver  and  native  silver.  Thirdly,  there  is 
the  district  between  the  valleys  of  Coquimbo  and  Aconcagua, 
where  in  granitic  rocks  gold-bearing  veins  are  common  ;  and, 
fourthly,  there  is  the  district  south  of  Aconcagua,  where  we 
find  granites  filled  with  auriferous  lodes,  and  mines  of  silver 

*  See  also  Whitney,  Metallic  Wealth;  and   Hen  wood,  Mdalliferous 
Deposits, 
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and  argentiferous  copper  worked  in  the  stratified  rocks  over- 
lying the  granites  along  the  summits  of  the  Andes. 

We  may  take  the  neighbourhood  of  Copiapo  in  the  first  of 
these  groups  as  a  representative  one  of  Chih,  and  a  description 
of  the  old  Chanaracillo  Mine  will  serve  to  illustrate  the  usual 
mode  of  the  occurrence  of  silver  ores  in  true  fissure  lodes  in 
older  limestone. 

This  lode  was  discovered  in  the  year  1831,  and  up  to  1853 
the  mine  had  yielded  2,035,424  lbs.  of  silver. 

Fig.  44  represents  to  scale  the  size  of  the  lode,  and  the 
variations  in  the  strata  through  which  it  passes ;  annexed  to  it 
there  is  also  a  description  of  the  strata,  with  the  particular  fea- 
tures and  composition  of  the  lode  at  the  various  depths  given. 
The  limestone  is  probably  of  the  same  age  as  the  silver-bearing 
limestones  of  Nevada,  and  both  probably  correspond  to  the 
lower  part  of  the  limestones  overlying  the  gold  deposits  of 
Congo  Soco,  fig.  21,  on  the  eastern  side  of  the  continent  The 
limestone  beds  dip  to  the  south-west,  and  the  lode  dips  in  a 
contrary  direction.  The  earthy  matter  of  the  lode  partakes 
largely  of  the  nature  of  the  strata  it  passes  through,  being  partly 
filled  with  disintegrated  fragments  of  the  adjoining  rock.  It  is 
destitute  of  silver  as  it  passes  through  the  greenstone,  but  is 
most  productive  in  the  limestones  at  their  junction  with  the 
upper  surface  of  that  rock.  The  limestones  themselves  are 
charged  with  silver  in  grains  and  dust  throughout  their  mass  ; 
the  oidinary  joints  are  charged  with  silver  ores,  and  in  the 
joints  near  the  lode  there  is  much  native  silver.  At  these 
points,  where  the  joints  open  upon  the  lode,  the  walls  of  the 
latter  are  not  well  defined,  the  lode  and  the  limestones  gradu- 
ally changing  into  each  other.  In  1856,  the  silver  denved  from 
each  ton  of  ore  was  466  ounces  troy,  the  total  production  of  the 
mines  that  year  being  115,656  ounces.  Within  this  quantity, 
the  vitreous  red  and  rarer  ores  yielded  from  90  to  100  ounces 
per  ton. 

All  do^Ti  the  western  side  of  the  South  American  continent, 
chloride  of  silver  is  the  common  ore,  which  is  to  be  expected  in 
a  country  so  abounding  in  deposits  of  saline  matter.     As  a  rule 
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93  per  cent,  of  chloride  of  silver  ore  makes  70  per  cent,  of  me- 
tallic silver.  Where  much  antimony  is  present,  as  in  ruby  silver, 
the  separation  of  metallic  silver  from  the  ore  is  somewhat  diffi- 
cult. 

Such  are  the  principal  silver  deposits  of  the  world.  It  is 
probable  that  in  a  few  years  Australasia  will  take  her  place  as  a 
silver-producing  continent  Already,  in  1876,  New  South  Wales 
produced  69,179  ounces  of  silver,  of  the  value  of  15,456'.,  and 
Victoria  in  the  same  year  yielded  26,356  ounces,  nearly  the 
whole  of  which  was  separated  from  the  gold  melted  at  the 
Mint.  In  1889  the  amount  of  silver  produced,  apart  from  silver 
lead  ore,  was  472,329  ozs.,  of  a  value  of  82,270/. 

From  the  foregoing  description  it  will  be  seen  that  silver 
occurs  at  two  distinct  and  separate  geological  horizons.  First, 
at  the  junction  of  the  Cambrian  with  the  Cambro-Silurian  groups 
of  rocks,  in  slates  and  calcareous  strata  ;  and,  secondly,  in  the 
Carboniferous  limestones.  Of  the  first  horizon  it  may  be  said( 
that,  in  the  lower  part  of  it,  probably  down  in  the  Cambrian 
strata  where  limestones  are  absent,  silver  ores  are  mixed  with 
metallic  gold,  and  both  are  separable  by  mechanical  means  from 
their  admixtures.  In  the  limestones  and  upper  portions  of  the 
group  in  the  Llandeilo  slates,  they  are  chemically  blended  with 
other  metals  and  need  smelting.  The  same  is  true  in  a  greater 
degree  of  the  higher  group — the  Carboniferous  limestone.  The 
favourite  metallic  associate  and  repository  of  silver  is  lead,  and 
it  is  contained  in  a  larger  proportion  in  this  metal  when  both 
metals  are  found  in  the  slates  and  shales  of  the  older  rocks  than 
in  the  newer  limestone  :  the  proportion  of  silver  in  lead  ores 
apparently  decreasing  with  the  deposition  of  the  newer  lime- 
stones. The  presence  of  silver  in  lodes  or  strata  is  not  usual 
in  beds  newer  than  the  Carboniferous  limestone,  although  in 
Peru  Coal-measures  rest  immediately  upon  limestones  charged 
with  silver ;  and  in  the  Banat,  in  A ustro- Hungary,  a  much 
newer  limestone  of  the  Cretaceous  period  rests  immediately 
upon  metallic  deposits  formed  on  the  surfaces  of  a  vastly  older 
rock ;  and  in  the  Comstock  lode  very  recent  strata  lie  not  fax 
above  the  lode  o:  bed. 
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COPPER. 
General  Remarks — Native  Copper— The  Ores  of  Copper. 

Although  not  so  costly,  copper  can  hardly  be  said  to  be  less 
valuable  than  either  of  the  two  noble  metals  already  described. 
Its  numerous  applications  to  the  uses  and  purposes  of  life  are 
already  familiar  to  my  readers,  and  I  need  not,  therefore,  enu- 
merate them,  but  proceed  at  once  to  describe  the  principal 
forms  and  ways  in  which  it  occurs  in  nature. 

Copper  is  found  native,  as  in  the  mines  of  Lake  Superior, 
and  also  in  various  combinations  with  acids,  as  well  as  with 
ox)'gen,  sulphur,  and  other  substances.  The  ores  range  about 
4  in  hardness,  and  from  3*5  to  8*5  in  specific  gravity ;  the  latter 
being  that  of  native  copper,  and  the  former  that  of  the  ordinary 
carbonates. 

Native  Copper. — ^This  is  found  more  or  less  in  most  mines 
associated  with  the  ores.  It  occurs  in  lumps  of  all  sizes  up  to 
great  masses  of  many  tons  weight  A  mass  taken  out  of  the 
Cliff  Mine,  described  further  on,  measured  40  feet  long,  6  feet 
deep,  and  6  inches  thick ;  its  weight  was  estimated  at  200  tons. 
Silver  is,  as  we  have  seen,  usually  intimately  mixed  with  native 
copper,  but  is  also  in  distinct  specks,  flakes,  and  crystals  in  the 
metal,  as  if,  in  the  process  of  cooling,  each  metal  had  gathered 
itself  together  and  had  solidified  separately. 

The  principal  ores  of  copper  are  the  following : 

Copper  Glance  {Redruthite). — Composed  of  79*8  of  cop- 
per and  2o*2  of  sulphur,  with  sometimes  i  to  2  per  cent,  of 
iron  replacing  a  portion  of  either  mineral.  Its  hardness  is  from 
2*5  to  3,  and  its  gravity  5*5  to  5*8. 
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This  ore  comprises  the  following  varieties  : 

Blue  Copper^  also  named  Covelline  and  Kupfeiindig. — Com- 
position :  667  copper  and  33*3  sulphur. 

DigcniU, — Composition :  70*20  copper,  29*56  silver,  and  0*24 
silver. 

Copper  Pyrites^  or  Sulphide  of  Copper, — This  is  the  most 
abundant  ore  of  copper^  Composition  :  copper  34*6,  sulphur 
34*9,  and  iron  30*5.  It  is  of  a  brass  yellow  colour,  and  re- 
sembles both  specks  of  gold  and  iron  pyrites.  It  may  be 
distinguished  from  the  former  metal  by  crumbling  when  an 
attempt  is  made  to  cut  it,  and  from  the  latter  by  its  yielding  to 
the  point  of  a  knife  and  its  not  striking  fire,  as  well  as  by  its 
deeper  yellow  colour  streaked  by  a  greenish  black.  Under  the 
blowpipe  it  fuses  into  a  steel-grey  globule,  which  is  magnetic 
If  the  ore  is  of  a  fine  yellow  colour  and  yields  readily  under  the 
hammer,  it  is  good  ore  ;  but  if  it  is  hard  and  of  a  pale  colour, 
it  is  poor,  through  containing  more  iron  pyrites.  Its  usual 
hardness  is  35  to  4,  and  its  gravity  4*1  to  4*3.    Its  varieties  are  : 

Cuban, — Composition  :  22*96  copper,  42*51  iron,  and  34*78 
sulphur. 

Variegated  or  Purple  Copper^  or  Variegated  Copper  Pyrites. 
Bomite, — Composed  of  55*6  copper,  16*4  iron,  and  28  sulphur. 
Sometimes  called  *  horseflesh  ore.'  Colour,  from  red  to  brown ; 
tarnish  from  steel  blue  to  pale  grey,  with  a  greyish  black 
streak.  Occurs  in  crystals  near  Redruth  in  Cornwall,  and  also 
in  Connecticut 

Grey  Copper  Ore  (Tetrahedrite), —  Composition  :  copper 
38 -6,  sulphur  26  3,  antimony  16*5,  and  arsenic  7*2.  There  are 
also  slight  varying  quantities  of  iron,  silver,  and  zinc  In  a 
sample  from  Spain  there  was  10  per  cent  of  platinum,  and  in 
another  from  Tuscany  2*7  per  cent  of  mercury.  Its  colour 
varies  from  steel  grey  to  iron  black,  sometimes  showing  a 
brownish  hue — the  less  arsenic  in  the  composition  the  darker 
the  colour.  Containing  17  to  31  of  silver,  the  ore  constitutes 
the  silver  fahlore  of  Freiberg.     Its  varieties  are : 

AtUimonial  Copper, — Containing  47  of  antimony. 

Bournonite, — 203  sulphur,  antimony  26*3,  lead  40*8,  and 
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copper  127.  Of  a  brilliant  metallic  lustre,  in  colour  from 
steel  grey  to  iron  black.   Hardness,  25  to  3  ;  gravity,  57  to  5*9. 

Dumuykite. — 71*63  copper,  28*37  arsenic.  A  portion  of 
each  being  often  replaced  by  iron  and  sulphur.  Tin  or  silver 
white  with  an  iridescent  tarnish. 

Sdenide  of  Capper, — 64  of  copper,  with  selenium.  A  silver 
white  ore.  Gives  off  a  horse-radish-like  odour  imder  the 
blowpipe. 

TennantUe, — A  mixture  of  copper,  iron,  sulphur,  and  arsenic. 
Occurs  in  brilliant  crystals  in  some  of  the  Cornish  mines  near 
Redruth. 

Red  Copper  ORE(CV//rr?^).— An  oxide  of  copper.  Com- 
position :  88'9  copper,  and  ii*i  oxygen.  Hardness,  3'5  to  4 ; 
gravity,  57  to  6.  Colour,  cochineal  to  red,  with  a  brownish 
red  streak,  and  a  bluish  grey  tarnish.     Its  varieties  are  : 

Black  Copper  Ore  ( Tenorite). — 60  to  70  per  cent,  of  copper, 
with  oxygen.  Occurs  in  botryoidal  concretions,  dull  black 
masses,  and  black  powder  associated  with  other  copper  ores ; 
also  in  the  lavas  of  Vesuvius.  Originates  in  the  decomposition 
of  sulphides  and  other  ores. 

Chakotrichite. — Composition  like  cuprite.  Occurs  in  fine 
fiairlike  crystals  of  a  crimson  red  colour. 

Tile  Ore.^hxi  oxide  of  copper  mixed  with  much  peroxide 
of  iron  and  other  earthy  substances.    Reddish  brown  in  colour. 

Sulphate  of  Copper  {Blue  Vitriol). — Composition :  oxide 
of  copper  3 1 '8,  sulphuric  acid  32*1,  water  36-1.  Colour,  sky- 
blue.  Consists  of  sulphide  of  copper  in  solution.  Contained 
in  the  water  flowing  from  many  copper  mines,  where  the  copper 
is  usually,  as  at  Parys  Mountain  and  Rio  Tinto  Mines, 
derived  fh)m  the  solution  by  precipitation.  Variety  Brochantite^ 
an  insoluble  sulphate  of  copper,  containing  17*5  of  sulphuric 
acid.  Occurs  in  emerald  green  crystals  at  Ekatennberg,  in 
the  Ural  Mountains. 

Green  Carbonate  or  Qovvzin  {Malachite), — Composition: 
71*8  protoxide  of  copper,  20*0  carbonic  acid,  and  8*2  water. 
Hardness,  3*5  to  4 ;  giavity,  3*6  to  4.  Colour,  light  green 
with  paler  green  streak. 
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Blue  Carbonate  of  Copper  {Azurite), — Composition: 
69*1  protoxide  of  copper,  257  carbonic  acid,  and  water  5*2. 
Hardness,  3*5  to  4*2  ;  gravity,  37  to  3*8.  Colour,  azure  blue 
with  small  blue  streak ;  transparent  to  nearly  opaque,  and  of 
a  vitreous  lustre. 

The  varieties  of  the  two  foregoing  ores  are  : 

AurichakiU, — Composed  of  29  copper  protoxide,  44  of 
adnc  oxide,  16*2  carbonic  acid,  and  9*9  of  water. 

Chakophylliie. — Composition  :  49*6  copper  protoxide,  18 
arsenic  acid,  and  32  water. 

Chrysocolla  or  Copper  green  (silicious  malachite). — A  silica 
of  copper,  composed  of  44*94  copper  protoxide,  34*83  silica, 
and  20*23  water.     Colour,  azure  blue  to  emerald  green. 

Emerald  Copper, — 50  protoxide  of  copper,  387  silica,  and 
1 1 '3  water.  Colour,  usually  emerald  green,  but  occasionally 
dark  green. 

Erinite, — 59*9  protoxide  of  copper,  347  arsenic,  and  5*4 
water.    Colour,  grass  green. 

Euchroite. — 47*1  protoxide  of  copper,  34*2  arsenic  acid,  and 
87  water. 

Klinodase  (Aphanese  Abichite), — 62 '6  protoxide  of  copper, 
30*3  arsenic  acid,  and  7*1  water.  Colour,  bluish  green  to  verdi- 
gris green. 

Olioenite, — 56*5  protoxide  of  copper,  39*5  arsenic  acid,  and 
4  water,  with  a  proportion  of  from  i  to  6  of  phosphoric  acid. 
Olive  green  to  black  green,  with  brown  and  olive  green  streaks. 

Phosphorchalcite  {Lunnite), — 70*8  protoxide  of  copper, 
2X*2  phosphoric  acid,  and  8  water. 

There  are  numerous  variations  of  the  last  family,  as  Ata- 
Canute^  EhiUe,  Libethenite^  Tagiltiej  Volborthitey  and  Uranite^ 
all  uniting  phosphoric  acid,  and  the  minerals  included  in  the 
carbonates  of  copper  in  slighdy  different  proportions. 

Cupriferous  Cobalt  Ores. — ^There  are  also  some  varieties 
of  copper  ores  which  shade  off  into  cobalt  on  the  one  side,  and 
nickel  on  the  other,  but  they  do  not  require  special  description 
here. 
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CHAPTER    XV. 

COPPER— contintud, 

TTie  Ores  of  Copper  in  Russia — Ural  Mountains — Western  Side  of  the  Ural 
Mountains — Caucasus— South  Africa — The  Cape — Algiers— Spain — 
Italy— Austria — Germany :  Prussia — Norway — Sweden— France. 

Copper  is  mined  in  China,  Japan,  and  India,  but  as  yet  we 
have  but  few  particulars  concerning  the  mode  of  its  occurrence, 
so  that  in  again  commencing  our  westward  journey  we  must 
content  ourselves  by  starting  from  the  eastern  side  of  the  Ural 
Mountains. 

Russia,  Ural  Mountains, — On  the  eastern  side  of  this  chain 
copper  is  worked  in  the  Cambro-Silurian  rocks,  near  Nijny 
Taglish.  The  strata  consist  of  clayey  shales,  interstratified 
with  calcareous  beds,  like  our  Llandeilo  limestone.  The  ores 
are  chiefly  malachite,  and  the  red  oxides  of  copper,  which  occur 
in  bunches  and  nests  in  the  strata.  The  malachite  occurs  in 
large  solid  masses,  one  of  which,  a  cube  of  3J  feet  diameter,  is 
in  the  School  of  Mines  at  St.  Petersburg.  It  was  found  at  a 
depth  of  280  feet,  and  weighed  580  tons. 

The  deposits  near  Bogolowsk  are  also  found  in  similar 
limestones,  which  are  interstratified  with  beds  of  trap.  Between 
the  limestones  and  the  traps  are  clay  deposits,  in  which  the 
copper  ores  lie  in  bunches  and  nests,  together  with  beautiful 
crystals  of  native  copper. 

Copper  mines  are  also  worked  on  the  western  side  of  the 
Urals,  in  perm.eated  cupriferous  beds,  and  irregularly  stratified 
deposits  in  the  Permian  rocks.  Southward,  too,  in  the  Caucasus^ 
deposits  of  copper  ore  are  worked  that  in  1876  yielded  536 
tons  of  copper.    We  have  no  particulars  of  the  nature  of  these 
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deposits,  but  probably  they  lie  in  the  older  rocks,  like  thos6  on 
the  east  side  of  the  Urals.  The  total  production  of  copper  in 
Russia  in  1889  may  be  estimated  at  5,993  tons. 

South  Africa,  The  Cape, — For  the  present  we  must  be 
content  to  pass  the  land  of  Midian  above  the  head  of  the  Gulf 
of  Akaba — from  whence  Captain  Burton  has  just  returned  with 
tons  of  mineral  specimens,  copper  ore  included — and  take  a  run 
down  to  the  far  south-west  of  Africa,  where  copper  mines  are 
extensively  and  successfully  worked  in  Namaqualand.  The 
mines,  of  which  there  are  two,  are  worked  in  deposits  that  are 
found  in  the  range  of  mountains  that,  some  80  to  100  miles 
inland,  run  down  the  western  side  of  South  Africa.  Here  the 
basement  rock  is  gneiss,  overlaid  with  schists.  Interbedded 
and  intrusive  felspathic  rocks  run  in  a  general  east  and  west 
direction  at  this  point,  and  the  cupriferous  ores  are  distributed 
throughout  portions  of  the  felspar  in  grains  and  lumps,  from  a 
minute  size  up  to  several  hundred  pounds  in  weight.  The 
felspathic  rock  is  hence  called  the  copper  bearer.  One  of  the 
prmcipal  mines  is  the  Okatiep,  near  Springbok,  90  miles  from 
the  coast,  and  the  other  is  Spectakel,  in  the  Copperberg,  20 
miles  nearer  Port  NoUoth,  with  which  port  both  mines  are 
connected  by  a  railway.  The  ore  is  chiefly  purple  and  peacock 
ore,  and  some  of  the  stopes  are  worth  as  much  as  four  tons  per 
cubic  fathom.  The  average  quality  of  the  ore  during  the  last 
♦hree  years  has  been  30  per  cent.  The  prices  obtained  during 
the  same  period  will  illustrate  the  recent  depreciation  in  the 
value  of  copper  ore.  In  1875  ^^  price  per  unit  was  i6j.,  in  1 M 
1876  14J.  7//.,  and  in  1877  i2j.  4//.  The  production  has  been\S)>^ 
equal  to  12,000  tons  a  year,  on  which  the  profit  last  year  was]  ^^jf^ 
83,579/.'  In  1889  the  exports  of  copper  ore  amounted  to 
32,338  tons,  of  a  value  of  696,918/. 

Algiers. — Retracing  our  steps  northward,  we  find  that 
copper  ore  is  obtained  in  Algiers,  near  the  foot  of  the  Mouzia 
Pass,  and  the  deposit  is  interesting  as  occurring  near  the 
summit  of  the  chalk,  which  is  here  traversed  by  veins  containing 
grey  copper  ore  mixed  with  spathic  iron.  The  total  production 
of  copper  in  Algiers  in  1875  was  rather  over  3,000  tons.     In 

'  Mining  y<mma!y  vol.  xlviii.  p.  605. 
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1878  we  imported  copper  ore  fiom  Algiers  to  the  extent  of 
3,674  tons. 

Spain. — Crossing  the  Mediterranean  into  Spain  we  find 
numerous  copper  deports,  or,  more  strictly  speaking,  deposits 
of  pyrites  containing  a  percentage  of  copper.  These  occur 
as  beds,  and  as  fissures  filled  with  metalliferous  ores.  Fig.  45, 
adapted  from  one  given  by  Mr.  S.  R.  Pattison,  F.G.S.,'  illus- 
trates one  of  the  former  as  it  occurs  in  greenstone  at  Ae 
Bmtron  Mine,  in  the  province  of  Huelva. 


UMy  FaUbuid.    3,  DecompoKd 


The  deposit,  (i(^  here  is  a  nearly  vertical  bed  about  sixty 
feet  wide.  It  is  made  up  of  fine  bedded  sand,  permeated  with 
an  average  of  3  per  cent,  of  copper,  48  per  cent  of  sulphur, 
with  about  two  shillings'  worth  of  gold  and  silver  to  the  ton  of 
ore.     For  some  distance  Iroro  the  surface  the  orey  mass,  a  a, 

■  3.  R.  PattUon,  'The  Pyritei  Depodts  of  Hnetra,'  Geologieal  Maga- 
aru,  No.  2,  1871. 
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is  decomposed.    The  whole  deposit  lies  between  greenstone, 
^1  below,  and  clay  slates,  d^  above. 

A  recent  official  report  ^  upon  the  mines  in  the  province 
of  Huelva  states  that  the  great  copper  zone  extends  from 
Castilla  de  la  Guardas,  25  miles  north-west  of  Seville,  to 
Ajustel  in  Portugal,  a  distance  of  about  125  miles,  with  an 
average  width  of  15^  miles.  The  principal  mines  in  this  zone 
are  the  Rio  Tinto,  Tharsis,  La  2^za,  and  Sotrel-Coronada, 
the  ores  from  which  are  of  a  very  similar  character.  The 
mineral  district  is  opened  up  by  three  lines  of  railway,  which 
deliver  the  ore  at  the  port  of  Huelva,.  from  whence  520,494 
tons  were  shipped  in  1889- 1890.* 

Italy. — Bending  eastward  a  little,  Italy  contains  contact 
deposits  of  copper  at  Monte  Catini,  and  which  so  far  have  re- 
tained their  value  in  depth. 

Austria. — North-east,  in  the  Banat,  whose  geological 
structure  has  already  been  described,  see  figs.  1 7  and  36,  copper 
ores  are  contained  in  the  contact  deposits  that  lie  between  the 
Cambro-Silurian  rocks  and  the  Jurassic  limestones.*  The  ores 
are  poor,  seldom  exceeding  3  per  cent  They  consist  chiefly  of 
copper  pyrites,  associated  with  arsenic,  which  are  scattered 
throughout  the  gangue  of  the  deposits,  but  are  concentrated 
chiefly  near  the  underlying  syenitic  rock.  Mining  for  copper 
is  not  now  carried  on  to  any  extent,  the  deposits  being  worked 
principally  for  the  arsenic  and  sulphur  they  contain.  At 
Tsiklova  the  pyrites  are  largely  mixed  with  argentiferous  mis- 
pickel.  Occasionally  grey  copper  occurs  mixed  with  blende^ 
iron  pyrites,  and  a  smsdl  quantity  of  gold.  The  mines  of 
SchmoUnitz,  in  Upper  Hungary,  are  of  rather  more  importance. 
The  annual  production  of  copper  in  Austria  is  put  down  at 
3,000  tons. 

Germany,  Prussia. — Passing  northward  by  the  Erzgebirge, 
where  copper  is  to  a  small  extent  mixed  with  the  other  ores,  to 
the  Prussian  province  of  the  German  Empire,  the  principal 

*  Iron,  1891.      '  For  characteristics  of  the  mineral,  sce^sf,  p.  138. 
*  Afining  yatimal^  September  1877,  et  scq. 
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mining  district  for  this  metal  is  that  of  Mansfield.  Here  the 
ores  lie  near  the  junction  of  the  Permian  with  the  New  Red 
Sandstone  strata.  The  deposit  is  a  cupriferous  bed,  from  two 
to  three  feet  in  thickness,  which  stretches  for  miles  across  the 
country.  It  consists  of  a  bituminous  marly  slate,  throughout 
which  fine  particles  of  grey  copper  containing  silver  are  plenti- 
fully disseminated.  Copper  p3rrites  also  occiu:  in  regular  veins 
in  simUar  strata  near  Canisdorf  in  Lower  Silesia. 

In  the  north-west  comer  of  Nassau^  near  Dillenburg,  copper 
mines  have  been  worked  for  many  years.  The  strata  apparently 
belong  to  the  base  of  the  Devonian  group,  and  consist  of  an 
alternation  of  schaalstein — a  variable  kind  of  rock  ranging 
from  greenstone  to  slate,  and  black  slates  with  eruptive  rocks. 
The  chief  veins  run  NW.  to  SK  with  branches  running 
obliquely  to  their  course.  The  larger  lodes  are  from  six  to  seven 
feet  wide.  They  traverse  the  whole  series  of  strata.  They  are 
unproductive  in  the  black  shale,  are  moderately  productive  in 
schaalstein  containing  an  admixture  of  calcareous  spar,  more 
productive  in  the  same  rock  when  it  is  of  a  green  colour  through 
the  prevalence  of  chlorite,  and  most  productive  when  the 
schaalstein  is  impregnated  with  iron. 

The  whole  German  Empire  produces  about  3,000  tons  of 
copper  yearly. 

Norway.^ — Far  to  the  north-west,  in  northern  Norway,  in 
lat  70®,  are  the  copper  mines  of  Alten.  The  strata  apparently 
belong  to  the  Lower  Cambrian  group.  They  consist  of  dioritic 
and  homblendic  rocks.  The  copper  ore  deposits  are  found  in 
these  rocks,  and  do  not  extend  into  the  slaty  rocks  with  which 
they  are  interstratified.  Adjacent  to  these  mines  are  those  of 
the  Rai  pas  Vara  mountain,  where  a  group  of  veins  traverse  a 
half-crystalline  limestone  in  the  same  geological  group.  In 
the  upper  part  of  these  veins  gossan  with  the  arseniates  and 
carbonates  of  copper  prevails,  but  in  depth  the  ore  is  the 
variegated.  The  lodes  cease  to  be  productive  when  they  pass 
into  the  slates.  The  production  of  copper  in  Norway  and 
Sweden  combined  may  be  taken  at  about  3,000  tons. 

'  Ann,  des  Mines  (5),  iii. ;  WTiitney*s  Metallic  Wealth. 
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SwxDZN. — The  copper  deports  of  Sweden  occur  in  simUar 
fltrata  to  those  of  Norway,  and  are  found  under  the  similar 
mying  conditions.  The  important  mines  of  Falun  are  worked 
in  a  great  inverted  cone  of  copper  ore,  as  shown  in  fig.  46. 

The  containing  rock,  1 1,  is  a  grey  quartzose  mass,  divided 
into  little  ovoid  masses  b;  curving  belts  of  chlorite.  The 
centre  of  the  cone,  a,  is  made  up  of  iron  pyrites,  around 
which,  in  3  3,  there  b  an  encircling  mass  of  copper  ore,  which 
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averages,  after  sorting,  from  3^  to  4  per  cent,  of  copper.  At 
Arcslcuttan  and  Gustavsberg,  the  ore  is  found  in  '  fahlbands.'as 
copper  pyrites  spread  throughout  crystalline  schists,  the  average 
yield  of  die  ore  being  about  4  per  cent  of  metallic  copper.  In 
some  of  the  Swedish  copper  ores  silver  to  the  extent  of  ao  to 
30  ounces  to  the  ton  is  found.  In  some  recendy  discovered 
deposits  in  a  white  limestone  in  North  Norway  no  less  than 
9,000  ounces  of  silver  are  found  to  the  ton  of  copper  ore. 
France.* — In  France  blue  and  red  carbonates,  with  black 

'  CaUIout,  Afiagi  nuia/Ii^u^j  dt  la  Prance, 
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oxide  and  copper  pyrites,  were  formerly  obtained  near  Lyons. 
They  occurred  in  irregular  beds  at  the  junction  of  the  New  Red 
Sandstone  with  underlying  micaceous  and  talcose  slates  be- 
longing to  a  much  older  group  of  rocks.  The  ores  became 
pyritous  as  they  passed  into  the  slates.  This  district  was  famous 
for  its  beautiful  crystals  of  azurite  and  red  oxide,  M.  de 
Cailloux  enumerates  a  great  many  districts  where  mines  are 
worked  for  copper,  but  it  is  usually  in  conjunction  with  the  ores 
of  lead  and  silver  combined,  and  there  does  not  seem  to  be 
anjTthing  distinctive  enough  to  require  special  attention.  The 
returns  of  the  production  of  copper  for  the  year  1869  include 
pyrites,  which  together  gave  a  total  of  92,519  tons,  the  proper 
tion  of  copper  probably  not  exceeding  3,000  tons. 

Spain. — The  mineral  in  the  mines  referred  to  at  p.  135 
is  found  in  large  masses  at  but  little  depth  from  the  surface, 
and  is  usually  capped  with  oxide  of  iron.  The  average  per- 
centage of  copper  in  the  ores  is  from  2  to  3  per  cent.,  which 
is  low,  but  as  it  occurs  in  such  large  quantities  it  can  be 
profitably  worked.  The  general  analysis  of  the  ore  is — 
sulphur,  50  to  51  percent;  iron,  40  to  41  per  cent;  silica, 
4  to  5  per  cent. ;  copper,  i  to  3  per  cent.  The  ores  containing 
2  to  3  per  cent  copper  are  exported,  and  the  poorer  ores  are 
calcined  in  the  open  air.^ 

*  IroHy  1891. 
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CHAPTER    XVI. 

COPPER— continued. 

British  Ides — Cornwall:  Geological  Stnicture  and  Characteristics  of  the 
Mining  Districts  of  the  county — Special  Features  of  Lodes— Dolcoath 
Mine — History  of  Copper  Mining  in  the  West  of  England. 

British  Isles. — ^We  again  cross  to  the  British  islands,  which, 
for  their  size,  are  the  greatest  copper-producing  countries  of  the 
world  ^  The  total  number  of  mines  making  returns  of  copper 
in  the  year  1877  was  loi.  These  gave  an  aggregate  of  79,25a 
tons  of  ore,  of  the  value  of  317,186/.  7^.  7^.,  or  an  average  of 
slightly  over  4/.  per  ton.  The  ore  gave  4,694  tons  of  metallic 
copper,  of  the  value  of  392,300/.  This  would  show  an  average 
of  about  17  per  cent.;  but  there  is  included  in  the  total  of  the 
ores  nearly  1,000  tons  of  regulas,  deducting  which  the  percentage 
would  be  materially  reduced 

Of  the  loi  mines,  65  were  situated  in  Cornwall,  which 
county  contributed  43,016  tons  of  ore ;  the  average  price  for 
the  year  being  4/.  17X.  per  ton,  and  the  average  production  to 
the  ton  of  ore  6|  per  cent  The  average  standard  price  of 
metallic  copper  was  1 13/.  &f.  per  ton.  At  the  present  time  the 
price  is  only  about  three-fifths  of  that  amount.  In  1890  the 
production  of  copper  ore  in  the  British  Islands  was  1 2, 136  tons : 
to  which  must  be  added  345  tons  of  copper  precipitate,  bring- 
ing the  total  to  12,481  tons,  of  a  value  of  32,471/. 

Cornwall, — From  the  importance  of  its  copper  mines,  as 
well  as  the  scientific  interest  attaching  to  its  mineral  deposits, 
Cornwall  deserves  our  first  and  special  attention.*  The  county 
forms  the  south-western  promontory  of  England,  and  it  will  help 

*  Hunt,  Mineral  Statistics  of  Great  Britain  and  Ireland,  1877. 

'  Piyce,  Mineralogia  Comubiensis;  De  la  B€che,  Report  on  the  Geology 
of  Cornwall  and  Devon  ;  Henwood,  Metalliferous  Deposits ;  Cornwall  Poly- 
technic Society  Reports  ;  Moissenet,  Etudes  riches  parties  Gisements  de  la 
GwTfwa// (translated  by  Mr.  Collins,  F.G.S.). 
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GEOLOGICAL  STRUCTURE  OF  CORNWALL.        14I 

as  to  understand  both  its  copper  and  tin  deposits  if  we  now  try 
to  gain  a  clear  idea  of  its  geological  structure. 

Down  its  centre,  or  thereabouts,  from  Launceston  to  Land's 
End,  there  are  four  great  bosses  of  granite.  Passing  north-east 
into  Devon,  the  great  granitic  mass  of  Dartmoor  makes  a  fifth ; 
and  if  we  extend  the  line  south-west  to  the  Scilly  Isles,  these 
form  a  sixth. 

Following  these  granitic  masses  from  the  north-east  to  the 
south-west  they  occur  in  the  following  order :  i.  Dartmoor ; 
2.  Between  Bodmin  and  St  Austell ;  4.  Between  Truro,  Red- 
ruth, and  Marazion ;  5.  The  promontory  of  Penzance  and 
Land's  End ;  and,  6.  The  Scilly  Isles.  The  section,  fig.  47, 
from  the  Bristol  Channel  to  the  English  Channel,  from  north- 
west to  south-east,  across  the  second  of  the  above  granitic 
masses,  will  enable  us  to  understand  the  geological  structure  of 
the  country,  and  to  fix  the  position,  stratigraphically,  of  the  dif- 
ferent mines.  It  will  be  understood  that  parallel  sections  carried 
through  the  other  masses  would  show  the  same  general  results. 

Subject  to  local  and  minor  variations,  the  structure  of  these 
gianitic  masses  is  very  similar  ;  it  is  a  mixture  of  quartz,  mica, 
and  felspar,  the  felspar  often  prevailing,  and  when  occurring  in 
large  crystals  giving  the  rock  a  porphyritic  character.  Nests  of 
schorl  frequently  occur  which  vary  greatly  in  size,  and  the 
change  from  ordinary  granite  to  schorlaceous,  is  observable  by 
the  gradual  disappearance  first  of  the  mica  and  then  of  the  fel- 
spar, leaving  only  a  mixture  of  schorl  and  quartz. 

Resting  immediately  upon  the  granite,  and  observable  around 
the  outlines  of  the  masses  where  not  covered  by  the  newer  rocks, 
is  a  series  of  thick-bedded  micaceous  and  talcose  slates,  which 
become  in  places  chloritic  Micaceous  slate  is  the  prevailing 
form  of  rock,  and  this  becomes  gneissic  here  and  there  by  the 
addition  of  felspar.  In  their  upper  portion  these  slates  become 
interstratified  with,  and  are  finally  succeeded  by  hornblendic 
rocks,  composed  chiefly  of  lustrous  hornblende  and  felspar,  and 
which  have  not  the  slaty  structure  of  the  group  below.  These 
rocks  underlie,  and  gradually  pass  upwards  into  serpentine  rocks, 
as  at  the  Lizard  Point  The  serpentine,  however,  as  is  the  case 
with  similar  rocks  elsewhere,  sometimes  protrudes  through  the 
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homblendic  rocks  and  then  overflows  them  in  roughly  regular 
beds,  the  homblendic  rock  being  greatly  changed  at  the  point 
of  contact  The  change  in  structure  from  one  rock  to  the  other 
is  usually  very  gradual 

Above  these  homblendic  rocks,  with  their  eruptive  and 
rudely- bedded  metamorphic  rocks,  comes  a  thick  series  of  grey 
argillaceous  shaly  slates,  which  are  in  places  tinged  with  red 
Where  the  series  is  most  complete,  these  slates  pass  upwards 
into  alternations  of  slaty  with  arenaceous  and  calcareous  grits, 
varied  by  slates  traversed  by  quartz  veins. 

The  direction  or  strike  of  the  beds  follows  the  line  of  the 
upheaval  of  the  granites,  N£.  to  SW. ;  the  dip  being,  of 
course,  at  right  angles  on  both  sides  of  the  granitic  masses. 
For  the  most  part,  the  lower  groups  of  slaty  rock  are  highly 
metamorphosed,  and  it  is  difficult  to  assign  them  to  their  proper 
geological  group.  In  maps  they  are  all  included  as  Devonian, 
which  is,  I  think,  with  ail  deference  to  other  observers,  a  mis- 
take. My  own  interpretation  of  the  ages  of  the  strata  I  have 
just  described  is  this  :  The  micaceous  and  talcose  slates  belong 
to  the  Cambrian  ;  the  homblendic  slates  with  the  serpentines 
and  porphyries  to  the  Cambro-Silurian  ;  the  argillaceous  slates 
to  the  Silurian,  passing  gradually  in  their  upper  portion  into  the 
Devonian.  In  the  last  formation  is  comprised  the  bulk  of  the 
grits,  slates,  and  sandstones  that  in  South  Devon  overlap  the 
older  groups  of  rocks,  and  rest  immediately  upon  the  granitic 
mass  of  Dartmoor.  The  granitic  masses,  which  are  probably 
part  of  a  vast  sheet  or  mass  that  underlies  the  whole  series, 
seem  to  have  been  protruded  through  the  overlying  strata 
towards  the  close  of  the  carboniferous  period.  Compelled  as 
I  have  felt  myself  to  subdivide  these  Comish  strata  which 
hitherto  have  been  grouped  as  Devonian,  and  to  assign  to  the 
lower  parts  of  them  ages  older  than  the  one  that  has  hitherto 
been  accepted,  it  has  given  me  great  satisfaction  to  find  that 
Mr.  J.  H.  Collins,  F.G.S.,  of  Tmro,  has  in  the  course  of  his 
researches  arrived  independently  at  the  same  conclusion. 

Besides  the  dykes  *  el  vans'  of  emptive  matter,  mostly 
granitic,  that  traverse  them,  the  whole  of  the  strata  described, 
granites  included,  appear  to  be  traversed  by  two  chief  setts  of 
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cracks  or  fissures.  One  sett,  the  oldest,  ranges  within  25  de- 
grees either  side  of  due  east  and  west  The  other,  which  we 
know  to  be  the  newest,  because  the  cracks  have  cut  and  dis- 
placed those  of  the  older,  range  30  degrees  on  either  side  of  a 
direct  north  and  south  line.  The  first  sett  of  fissures  are  those 
which  are  most  rich  in  metalliferous  ores,  especially  those  of  tin 
and  copper,  and  it  has  been  obser^'ed  that  their  direction  coin- 
cides generally  to  that  of  the  elvan  dykes.  The  NK  and 
SW.  lodes  also  correspond  to  the  strike  of  the  strata;  but  as 
the  NW.  and  SK  lodes  are  equally  rich,  the  wealth  of  the  lode 
does  not  appear  to  have  been  afifected  by  its  coincidence  with 
the  strike  of  the  beds. 

Altogether  five  main  epochs  of  intrusion,  fracture,  or  dis- 
turbance may  be  defined  in  the  strata  of  Cornwall :  i.  Those 
formed  in  the  granite  either  before  or  at  the  time  of  its  protru- 
sion through  the  slates.  2.  That  of  the  elvan  dykes  and  coiurses 
that  traverse  both  granites  and  slates.  3.  That  of  the  east  and 
west  tin  and  copper  lodes.  4.  That  of  the  cracks  and  faults 
having  a  general  north  and  south  direction ;  and,  5.  That  of  the 
east  and  west  slides  which  may  be  of  recent  date.  E^ch  of  these 
groups  has  its  own  system  of  minor  fractures,  diverging  from  it 
at  all  angles,  like  cracks  from  a  central  fractiu'e  on  a  window 
pane.  Moissenet,  in  the  work  already  named,  endeavours  to 
solve  or  determine  the  directions  of  these  cracks  by  mathe- 
matical problems,  but  it  is  doubtful  whether,  from  the  extreme 
intricacy  of  the  rules,  the  number  of  the  exceptions,  and  the 
cumbersomeness  of  the  process,  his  methods  can  ever  be  of 
practical  use  to  ordinary  miners. 

The  great  mining  districts  of  Cornwall  and  Devon  are 
grouped  around  the  granitic  masses,  the  most  productive  mines 
being  worked  on  the  north  or  south  flanks  of  these,  along  the 
centre  of  the  line  of  upheaval  extending  from  Penzance  to 
Dartmoor,  and  where  of  course  the  oldest  strata  next  to  the 
granite  are  at  or  near  the  surface.  The  zone  of  productive  mines 
extends  seven  or  eight  miles  on  each  side  this  line  of  upheaval, 
making  a  belt  about  fifteen  miles  wide. 

Generally  speaking,  the  district  around  each  granitic  boss 
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has  its  own  mineral  characteristics.  Beginning  on  the  north- 
east, the  western  side  of  the  Dartmoor  mass  is  cupriferous 
Dartmoor  itself  is  stanniferous.  Around  the  little  boss  ol 
Callington  the  strata  are  both  cupriferous  and  stanniferous^ 
while  north-east  at  Sidford,  and  south  at  Beer  Alston,  are  the 
silver  lead  lodes.  The  mines  around  the  granitic  mass  between 
Launceston  and  Bodmin  are  both  copper  and  tin.  There  are 
also  a  few  silver  lead  mines.  On  the  SK  of  the  granite  of 
St  Austell,  the  deposits  are  chiefly  copper — the  Fowey 
Consols  Mine  being  here.  Through  the  remainder  of  the  cir- 
cumference the  mines  are  chiefly  tin.  The  next  district,  that 
around  the  Redruth,  Gwennap,  and  Penrhyn  mass,  is  the 
great  locality  of  the  copper  mines  of  Cornwall,  although  on  the 
NW.,  near  Gwinnear,  tin  is  largely  present,  and  silver  ores 
have  at  times  been  profitably  worked.  The  extreme  western 
district,  from  Marazion  to  Land's  End,  produces  tin,  with  a 
little  copper  worked  at'  a  few  of  the  mines.  Taking  one  of 
these  granitic  masses,  with  the  strata  described  lying  in  their 
completeness  around  it,  we  find  the  centre  (if  the  granite  be 
£ivourable)  and  the  innermost  circle  or  lowest  beds  of  mica- 
ceous and  talcose  slates  to  be  stanniferous.  Next,  where  the 
slate  group  passes  into  the  homblendic  rocks,  a  circle  of 
cupriferous  mines ;  and  third,  where  the  clay  slates  rest  upon 
the  homblendic  and  metamorphic  rocks,  an  outer  circle  of 
plombiferous  deposits.  If,  therefore,  a  well-defined  lode  could 
be  followed  downwards  firom  the  surface  of  this  outer  circle, 
we  should  find,  first,  in  the  clay  slates  deposits  of  lead  ore 
containing  silver  ;  next,  when  we  got  down  into  the  homblendic 
rocks  and  portions  of  the  micaceous  slates,  copper  ores  ;  and, 
finally,  when  we  approached  the  contact  of  these  last  with  the 
granite,  and  in  the  granite  itself,  the  ores  of  tin.  Scarcely  any 
mine  is  deep  enough  to  show  the  sequence  of  the  whole  three 
metaUiferous  deposits,  but  there  are  numerous  examples  of  lodes 
containing  copper  ores  in  their  upper  portion  and  tin  below, 
as  I  have  described.  Before  we  have  finished  our  inquiries 
we  shall  see  the  accord  of  this  arrangement  with  the  universal 
itratigraphical  arrangement  of  the  various  metallic  ores. 
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llie  variations,  therefore,  in  the  character  of  the  mines 
around  these  successive  granitic  masses,  depend  chiefly  upon 
the  age  and  nature  of  the  strata  thrown  near  the  surface. 

Bearing  these  considerations  in  mind,  I  proceed  to  observe 
that,  although  copper  ores  are  found  in  all  the  mining  districts 
described,  the  chief  mining  centres  for  copper  in  Cornwall  and 
Devon  are  those  near  the  town  of  Tavistock  on  the  N£, 
and  Redruth  on  the  SW.  Near  the  former  town  are  the 
Devon  Great  Consols  and  the  South  Caradon  Mines,  and  near 
the  latter  are  the  Cam  Brea,  Cremier  and  Abraham,  Crofty, 
South  Huel,  East  Pool,  West  Seton  Huel,  and  West  Tolgus, 
the  great  copper-producing  mines  of  the  two  counties. 

Copper  ores  prevail  in  the  lodes  that  have  a  general  east 
and  west  direction,  and  any  deflection  from  the  direction  of  a 
productive  part  of  a  lode  influences  its  productiveness  usually 
for  the  worse.  The  usual  dip  of  the  lodes  is  about  70  d^ees 
from  the  horizon  towards  the  north.  They  traverse  both  the 
granites  and  the  overlying  slates.  Their  average  width  in  the 
slates  is  7  feet,  but  they  open  out  great  widths,  as,  for  example, 
30  to  42  feet  at  the  Devon  Great  Consols,  and  they  contract  to 
an  average  of  2  feet  in  the  softer  granite,  and  dwindle  down  to 
mere  threads  as  they  pass  through  hard  felspathic,  granitic,  and 
porph)rritic  rock  elvans,  in  passing  through  which  they  are 
often  split  up  into  a  number  of  thin  veins.  This  contraction 
of  the  lodes  in  hard  rocks  has  occasionally  led  to  the  aban- 
donment of  mines.  Thus  Cam  Brea  Mine  was  abandoned 
fifty  years  ago,  through  the  approximation  of  the  walls  of  the 
lode  to  each  other.  Some  more  hopeful  adventurers  subse- 
quently resumed  work,  and  followed  the  thread  of  the  lode  until 
it  expanded,  and  was  found  to  contain  a  rich  bunch  of  ore. 
The  produce  of  this  mine  in  1876  was  1,174  tons. 

The  lodes  are  filled  chiefly  with  the  fragments  and  re- 
deposited  grains  of  the  rocks  they  traverse.  A  fresh  combination 
of  substances  has,  however,  usually  taken  place,  so  that  they 
are  found  in  layers  following  the  course  and  parallel  to  the 
walls  of  the  lode.    The  silica  frequently  assumes  a  crystalline 
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fi>mi,  the  oTstals  coloured 


Fn.  A-lADi 

f  Qiura  uid  purplv  Buornwr. 
1,  Quanx,  wiEA  copper  pyrlua. 
^  Qtuinii  with  ycltoir  cwpar  «n- 
4,  Quuli  and  putple  nacnp«r. 
n.    «.  Quuiz,  wlili 


b^  fluorine  pointing  across  the  lode 
(as  shown  in  figs  48, 49,  50,  adapt- 
ed from  De  la  B£che),  and  the  day 
lying  in  layers  between. 

Copper  ores  do  occur  in  the 
basement  granitic  rocV,  and  in  the 
newer  protruded  gmnitic  rocks,  but 
they  are  most  abundant  in  the  slates 
not  fai  from  their  point  of  contact 
with  the  metamorphic  rocVa  and 
granites.  In  the  slates  also  coppa 
is  more  plentitlil  in  some  varieties 
than  others.  The  favourite  colour 
of  the  miners  is  blue,  of  a  light 
colour  and  of  a  fairly  compact 
structure,  but  not  too  hard.  In  the 
Gwennap  district,  for  example,  the 
lodes  became  poor  as  they  passed 
into  red  slate.  In  the  Old  Godo!- 
phin  Mine  the  lodes  were  rich  in 
pale  blue  slate,  but  poor  in  black. 
At  the  Fowey  Consols  Mine  the 
pitch  or  dip  of  the  ore  follows  that 
of  the  blue  beds  of  slate  rock,  and 
Fryce '  says  that  '  of  all  the  killas 
the  cinerous  or  pale  blue  is  the  most 
desirable  as  the  enclosing  stratum 
of  a  copper  lode.'  Where  the  strata 
is  thus  favourable  the  lodes  are 
productive  of  copper  high  up  in 
the  series,  some  of  them  yielding 
copper  immediately  under  the  fos- 
siHferous  beds. 

Fig.  51  is  a  reduction  of  an 
old   plan   of  the  workings  on  a 

'  JUintraliigia  Cenmiieiitit. 
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contra  lode  at  the  Dolcoath  Mine,'  and  is  interesting  as  showing 
the  proportion  of  productive  ground  in  the  slaty  rock  and  in 
the  granite,  as  shown  by  the  amount  of  stoping  done  in  the 
two  rocks.  The  lodes  are  usually  poor  in  the  greenstones,  or 
'  irestones,'  as  they  are  locally  called,  of  ComwaU.  It  is  in  soft 
and  easily  decomposable  granite  that  the  lodes  bear  ore  when 
they  do  at  all  in  that  rocL  They  are  often  productive  when 
approaching  an  elvan  course,  and  sometimes  within  it;  but 
this  depends  upon  its  particular  lithological  character,  and 
usually  dykes  of  hard,  compact,  intractable  rock  are  barren, 
and  die  lodes  pinched.  Ore  is  usually  plentiful  where  two 
lodes  meet  at  an  acute  angle,  and  poor  on  the  obtuse  or 
broad  side  of  the  meeting  point 

The  prevailing  ore  of  copper  in  the  region  is  the  yellow,  or 
bisulphide.  Next  to  this  comes  the  sulphide,  or  grey  and 
black  ore  of  the  miners,  and  it  is  in  this  form  that  copper  is 
found  near  the  surface  and  by  the  cross  courses.  Usually  the 
yellow  ore  holds  out  in  depth.  The  more  uncommon  ores  arc 
the  red  oxide,  the  carbonates  and  silicates,  and  the  arseniates. 
Phosphate  of  copper  is  rarely  seen.  The  common  metalliferous 
associates  of  the  copper  are  the  sulphides  of  iron  and  zinc, 
which  occasionally  occupy  the  whole  of  the  lode.  Arsenical 
pyrites  are  also  found,  especially  in  the  Tavistock  district,  and 
throughout  Cornwall  they  are  consideied  the  precursor  of 
copper.  Sulphide  of  lead  occurs  in  small  quantities.  The 
figs.  48,  49,  and  50  illustrate  a  frequent  arrangement  of  the 
metallic  ores  in  Cornish  lodes.  For  some  depth  from  the 
surface  the  lodes  are  made  up  chiefly  of  gossan  or  earthy 
brown  iron  ore,  containing  the  black  ore  of  copper — the  sul- 
phide having  been  largely  replaced  by  oxygen.  Lower  down, 
beyond  the  reach  of  the  atmospheric  influences,  the  ore  becomes 
a  bisulphide,  and  it  is  this  yellow  ore  that  usually  holds  out  in 
depth.  In  the  granites  and  near  the  surface  there  are  numerous 
*  vughs '  or  cavities,  which  are  lined  with  crystals  of  quartz  often 

'  Etymology :  Welsh,  dd^  a  meadow ;  coch^  red  :  Red  Meadow,  from 
the  soil  being  tinged  red  with  the  ores  of  iron  and  copper. 
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coated  with  native  and  ruby  silver.     In  slate  such  cavities, 
when  they  occur,  are  mostly  coated  with  iron  and  copper  pyrites. 

Copper  mining  in  the  West  of  England  is  of  comparatively 
recent  origin.  Carew,  writing  about  the  year  1600,  says  that 
copper  is  found  in  sundry  places,  but  he  could  not  find  that  it 
was  profitably  worked.  At  one  mine  he  knew  that  the  ore  was 
shipped  to  be  smelted.  For  years  after  this  time  copper  ores 
were  neglected,  roads  being  mended  and  walls  built  with  them. 
About  [690-5,  a  Mr.  Coster,  of  Bristol,  with  some  other 
persons,  went  into  Cornwall  and  bought  copper  ore  for  firom 
2/.  I  or.  to  4/.  per  ton.  Competition  arose,  and  contracts  were 
made  for  the  entire  produce  of  mines  at  5/.  per  ton.  Some 
years  subsequently,  a  gentleman  from  South  Wales  is  heard  of 
buying  a  lot  of  1,400  tons  of  ore,  that  had  been  lying  at  a 
mine  for  a  long  time,  at  6/.  $s,  per  ton,  and  another  lot  at 
Roskean  for  7/.  per  ton. 

From  about  the  year  1726  we  get  regular  returns  of  the 
quantities  of  ore  and  the  prices  realised.  William  Pryce, 
writing  in  1778,*  gives  the  following  particulars,  which  are  in- 
teresting for  comparison  with  the  present  annual  yield  and 
price: 


Dates 

Total  yield  for  the  ten 
years 

Average  prices 

Ten  years. 
1726  to  1735 
1736  to   1745 
1746  to  I 755 
1756  to  1765 
1766  to  1775 

Tons. 
64,800 

75,520 

98,790 

169,690 

264,273 

£     s.     d. 

7  15  10 
7    S    6 
780 
766 
6  14    6 

The  quantity  of  copper  ore  raised  in  the  counties  of  Devon 
and  Cornwall  in  the  year  1890  was  11,309  tons,  being  the 
produce  of  twenty-one  mines.  The  average  price  per  ton  of 
ore  for  the  year  1890  was  2/.  51.  6^.  The  average  quality  for 
the  same  period  was  6^  per  cent,  of  metallic  copper;  the 
average  standard  for  metallic  copper  for  the  same  year  being 
80/.  y.  per  ton. 

*  Mineralogia  Comubiensis. 
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CHAPTER  XVII. 

COPPER— «mtinued. 

Cupreous  Sandstones  of  Cheshire  and  Salop— The  Limestones  of  Salop 
and  North  Wales — The  Parys  Mines  of  Anglesea — The  Copper  Turf  of 
Merioneth — Copper  in  Carnarvonshire  and  Cardigan — North- West  of 
England — County  Wicklow  in  Ireland. 

Cupreous  Sandstones  of  Cheshire  and  Salop} — Of  a  different  age 
and  character  are  the  copper  deposits  in  the  Lower  Keuper 
beds  of  the  New  Red  Sandstone  of  Cheshire  and  Salop.  At 
Alderley  Edge,  in  Cheshire,  a  copper  mine  has  been  success- 
fully worked  for  some  years.  Its  production  in  1875  was  8,336 
tons,  and  in  1876,  7,328  tons.  Through  the  recent  low  price 
of  copper,  however,  the  mine  has  had  to  be  given  up.  While 
I  write  the  plant  is  being  sold  and  the  mine  abandoned.  The 
deposit  consisted  of  a  portion  of  a  sandstone  bed  impregnated 
with  copper.  The  dip  of  the  bed  was  very  steep  to  the  SW., 
the  strike  being,  of  course,  at  right  angles  to  the  dip.  The  ores 
were  the  blue  and  green  carbonates,  of  a  poor  quality,  from  2^ 
to  3  per  cent  The  ore  was  associated  with  earthy  cobalt  ore, 
and  the  bed  partook  largely,  as  may  be  supposed,  of  the 
character  of  the  adjoining  rocks. 

Of  a  similar  character  was  the  deposit  that  was  worked  at 
Eardiston,  near  West  Felton,  Salop,  about  thirty  years  ago. 
This  also  consisted  of  a  cupriferous  bed,  now  showing  well- 
defined  boundaries,  separating  it  from  the  adjacent  sandstones, 
and  then  graduating  into  them,  being  really  a  mineralised  zone  of 
sandstone.  At  its  outcrop,  it  contained  a  good  deal  of  brown 
earthy  iron  ore.  It  varied  in  thickness  from  a  few  inches  to 
five  feet    It  contained  cavities  lined  with  mammillary  mala- 

*  See  also  Henwood^  Metalliferous  Deposits. 
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chite,  and  was  richest  in  copper  ore  near  its  upper  and  lower 
boundaries,  where  it  abutted  on  faults  in  the  sandstones.  It 
was  subdivided  into  four  lajrers,  thus — 

I.  Red  sandstone  sprinkled  with  malachite  and  gre^  copper 
ore. 

3.  Sandstone  with  grains  of  malachite. 

3.  Ferruginous  sandstone. 

4.  Ferruginous  sandstone,  lai^ely  mixed  with  malachite 
and  with  grey  copper  ore. 

The  ores  yielded  '008  to  '035  of  metal,  and  the  aggregate 
production  from  1841  to  1843  is  given  at  2,500  tons.    The  de- 
posit was  followed  down 
its  dip  for  sixteen  fathoms,  '"  — 

when  a  tough  clay  filling 
a  line  of  &ult  cut  it  off. 

Sandstones  of  the  same 
age  in  the  Peckforton  Hills 
of  Cheshire,  that  range 
between  the  two  localities 
just  given  and  those  that 
overlie  the  Coal-measures 
of  Cannock  Chase,  are  in  Km. 
places  similarly  impreg-  « 
nated  with  copper. 

Limestones  of  Salop  and  North  Wales. — The  Carboniferous 
limestones  that  range  from  Shropshire  to  Anglesea  have  been 
worked  at  various  times  for  ores  of  copper.  Old  mine  works, 
Mbributed  to  the  Romans,  abound  on  Llanymynech  Hill,  which 
is  partly  in  Shropshire,  and  attempts  at  mining  with  varying 
degrees  of  success  have  been  made  of  late  years  in  the  same 
locality. 

Fig.  51  illustrates  the  manner  in  which  the  deposits  occur 
at  this  end  of  the  range  :  1 1  are  the  ordinary  pale-coloured 
limestones  of  the  lower  division  of  the  series ;  3  is  a  consider- 
able thickness  of  brownish  yellow  sandy  limestone,  full  of  small 
cavities  lined  with  crystals  of  quartz  and  carbonate  of  lime, 
beautifully  variegated  with  the  sulphides,  but  chiefly  with  the 
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blue  and  green  carbonates  of  copper ;  3  is  a  thin  shale  bed, 
impregnated  with  the  above  ores  to  the  extent  of  2^  and  occa- 
sionally 3  per  cent — ^the  ores  being  richest  and  most  abundant 
underneath  the  cracks,  3  3,  that  run  up  into  the  limestones,  as 

at  AAA. 

At  the  NW.  end  of  the  range,  on  the  mainland,  is  the 
Great  Ormes  Head.  Mines  were  successfully  worked  in  similar 
deposits  to  those  just  described  until  within  the  last  twenty 
years.  The  same  cavitous  limestone,  impregnated  with  copper, 
and  the  underlying  cupriferous  shale  bed  were  present  diere. 
The  accumulations  of  copper  ore  were  found  and  worked  along 
the  course  of  a  flat  fault,  known  as  the  'Hanging  Mawr.' 
Crossing  this  fault  from  NW.  to  S£.  was  another  sharper  fisiult, 
called'  the  Cyllell,  or  Knife,  and  near  the  point  of  the  inter- 
section of  these  two  the  largest  deposit  of  ore  was  found  Both 
at  Llanymynech  and  the  Ormes  Head  the  source  of  the  copper 
appears  to  have  been  the  overlying  cupriferous  limestone  beds, 
from  which  the  ore  had  been  carried  by  the  infiltration  of  water 
into  places  favourable  for  its  deposition. 

Unustone  of  Staffordshire  and  Derbyshire, — An  important 
copper  deposit  was,  at  the  close  of  the  last  century,  worked 
at  Ecton,  near  Hartington,  on  the  borders  of  these  two  coun- 
ties. It  occurred  as  a  succession  of  pockets  connected  by 
fissures,  which  were  followed  to  a  depth  of  1,320  feet  The 
limestone  was  of  a  blackish  brown  colour,  and  the  beds  were 
much  broken  and  confused  The  ore  was  chiefly  sulphide,  and 
was  often  very  rich,  yielding,  it  is  said,  from  40  to  60  per  cent, 
of  copper.  The  ores  were  also  noted  for  their  great  beauty  of 
form  and  colour.  The  mine  was  a  productive  and  profitable 
one,  and  it  employed  at  one  time  about  1,000  work  people. 
The  ores  were  associated  with  carbonate  of  lime  and  barytes. 

Anglesea. — Parys  Mines, — From  the  Ormes  Head  we  look 
across  the  eastern  end  of  the  Menai  Straits  to  the  northern 
comer  of  Anglesea.  Here,  in  Parys  Mountain,  near  the  town 
of  Amlwch,  the  most  important  copper  mine  of  Wales  has  been 
worked  for  about  a  century  and  a  quarter.^     Previous  to  this 

>  Pennant,  Tour  in  North  Wala, 
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time  there  were  traces  of  old  mines,  the  remains  of  furnaces, 
and  lumps  of  smelted  copper  with  traces  of  lead  ore  lying  about, 
which  led  Alexander  Fraser,  a  mining  adventurer  from  Scotland, 
to  select  the  locality  as  the  scene  of  his  explorations.  Shafts 
were  sunk  and  ore  discovered,  but  the  operations  were  stopped 
by  the  influx  of  water. 

A  lease  of  the  ground  was,  two  years  afterwards,  included, 
much  against  the  will  of  the  lessors,  Messrs.  Roe  &  Co.,  in  the 
lease  of  other  mining  ground  in  Carnarvonshire,  by  the  owner 
of  the  two  grants,  Sir  Nicholas  Bayley.  Ore  was  again 
reached,  but  worked  for  some  time  at  a  loss.  The  lessees  gave 
their  agent  orders  to  stop  the  works,  but  he,  as  a  final  effort, 
divided  his  men  into  ten  gangs,  and  put  them  to  make  trial 
holes  near  a  spring  strongly  charged  with  copper.  In  two  dajrs 
better  ore  was  struck  at  a  depth  of  only  seven  feet  from  the  sur- 
face. From  then  until  now  the  mine  has  been  successfully 
worked,  the  profits  during  the  interval  being  estimated  at  not  less 
than  7,000,000/.  The  production  of  ore  in  1875  ^^  2,910 
tons,  and  in  1876,  2,512  tons.  At  present,  with  the  exception  of 
the  precipitation  pits  and  the  carrying  on  of  some  deeper  explo- 
rations, the  mine  is,  owing  to  the  very  low  price  of  copper, 
lying  idle.  The  mountain  in  which  the  mine  is  worked  is  sup- 
posed to  take  its  name  from  Robert  Parys,  who  was  Chamberlain 
of  North  Wales  in  the  reign  of  Henry  IV.  The  adjacent  mine 
to  the  east  is  called  the  Mona,  and  a  recent  discovery  of  ore 
under  the  old  workings  is  likely  to  restore  this  mine  to  its  old 
prosperity. 

Figs.  53,  54,  and  55,  reduced  to  scale  from  the  working 
plans  of  the  Parys  mine,  will  illustrate  the  position  and  nature 

I    of  this  important  deposit  of  copper  ore. 

i  Fig.  53  is  a  section  from  south  to  north  across  the  strata, 

which  are  tilted  up  at  a  high  angle  from  60  to  70.  i  is  a  thick 
series  of  clay  slates,  traversed  by  veins  of  quartz  and  felspar, 
and  contains  layers  of  the  same,  as  well  as  of  greenstone  ;  2,  a 
thick  mass  of  rock  that  varies  in  composition  along  its  course  from 
slate  to  huge  bodies  of  quartz,  the  whole  mixed  up  with  chlorite 


154       METAI.LIFEROUS  MINERALS  AND   MINING. 

and  dinntegrated  felspar,  with  earthy  brown  iron  ore,  and  con- 


tia,  ».— Parvi  Him  i  Sktkim  Acnott  Stkata  aho  Dmon. 
taining  the  great  copper  deposit ;  3  is  a  thick  belt  of  quartzose 
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rock,  often  dierty  in  character,  that  fonns  the  crest  of  the 
mountain ;  4,  a  series  of  § 
bedssinulartoNo.  a;and  || 
in  5  we  have  the  series  " 
sunnounted   by   a  great 
thickness  of  day   slate. 
The  whole  series  belong 
to  the  Cambrian  group  of 
strata,  probably  the  upper 
part  of  the  Lower  Cam- 
brian.     The  mineralised 
portions  are  Nos.  3  and  4. 
In  two  there  has  been  a 
thick  succes^on  of  mine- 
ralised beds,  and  in  4  only 
two  such  beds.   The  beds 
of  No.  3  have  been  worked 
as   an    open    quany,  of 
which  a  cross  section  is 
given  in  fig.  53,  and  a  lon- 
gitudinal section  in  fig.  54.   || 
A  reference  to  fig,  55,  J-a 
whichrepresentstheNorth 
Discovery  lode,  will  illus- 
trate the  way  in  which  the 
copper  ores  were  distri- 
buted     throughout      the 
thick  series  of  similar  beds 
that  have  been  quarried     J 
from  the  great  open  casL 
The  mineralisation  of  the 
beds  is  continued  to  the 
east,  where,  on  the  other 
side  of  the  cross  course,     1 
which  is  an  upthrow  to  ^^ 

the  east,  they  are  worked   f""-  *«■■ 
in  the  Mona  Mine.   It  will 
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be  obserred  that  the  miDeralisation  ceases  on  the  west  It  is, 
faowerer,  renewed  Id  a  short  distance  in  another  form,  as  will 
presently  be  e:q>lained.  Whether  the  ores  will  continue  in  depth 


SJ.— Pium  Ulna ;  Sacrum  or  Woucmc*  or  Noits  DvconKT  Iode, 


or  die  out  in  a  wedge  fonn  will  be  proved  as  the  lowest  level 
is  brought  into  the  ground  under  the  open  shaft  At  present 
Uiere  are  slight  indications  of  or& 
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In  April  1880,  the  yield  of  the  lode  in  this  lowest  level  was 
given  as  being  from  3^  to  4  tons  of  copper  ore  per  fathom. 

The  copper  ores  are  distributed  throughout  the  mass,  as 
shown  in  the  section  of  the  North  Discovery  lode.  The  ores 
consisted  of  nests  of  earthy  black  ore  near  the  surface, 
passing  into  yellow  pyrites  in  depth.  Rarely  there  are  small 
quantities  of  native  copper,  and  throughout  the  mass  there 
are  numerous  cavities  lined  with  crystals  of  copper  and  sul- 
phate of  lead.  The  ores  are  classified  for  commercial  purposes 
thus : 

Halvans, — Containing  i^  per  cent  of  copper,  and  a  good 
deal  of  sulphur. 

Poor  Ore. — 3  to  3^  per  cent  of  copper,  and  much 
sulphur. 

Ordinary  Ore.^6  to  7  per  cent,  of  copper,  some  sulphur. 

Good  Ore. — 20  per  cent  of  copper. 

Precipitate, — This  is  formed  from  the  water  pumped  and 
flowing  from  the  mines,  and  from  the  rain  water  that  has  per- 
colated through  the  waste  heaps.  It  is  all  arrested  in  a  very 
complete  s)rstem  of  long  square  pits.  Waste  iron  and  tin 
clippings  are  thrown  in  these,  the  sulphuric  acid  that  is  in  the 
water  seizes  hold  of  them,  the  particles  of  copper  suspended 
in  the  water  fall  to  the  bottom  of  the  pit,  and,  mixing  with 
the  iron  dissolved  by  the  sulphuric  acid,  form  a  precipitate 
ranging  in  value  from  15  to  30  per  cent,  of  copper.  The  spent 
water  also  is  caused  to  flow  through  a  long  series  of  tanks, 
in  which  the  earthy  brown  iron  ore  is  finally  precipitated  as 
ochre,  for  which  it  is  sold,  the  water  flowing  off  as  pure  as  is 
practicable.  The  ochre  is  sold  at  prices  ranging  from  iis.  to 
2 IX.  per  ton.  In  the  year  1890,  331  tons  of  precipitates  were 
produced. 

About  a  mile  to  the  west  of  the  Parys  Mine,  at  Morfa  Ddu, 
where  what  seems  a  continuation  of  some  of  the  beds  worked 
in  the  great  open  cast  are  crossed  by  an  east  and  west  course, 
is  a  peculiarly  mineralised  deposit,  locally  known  as  bluestone. 
This  bluestone  requires  special  careful  chemical  operations 
to  extract  its  contained  metals.    As  proved  by  Messrs.  Hills 
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&  Son,  of  Amlwch,  who  have  worked  it,  it  is  composed  as 
follows : 

Copper 2  per  cent. 

Lead i6       ,, 

Zinc 32       M 

Silver 7  ozs  to  the  ton. 

Sulphur,  iron,  antimony,  and  manganese  in  small  proportion. 

Copper  Bog  of  Merioneth. — ^The  mention  of  the  copper, 
chaiged  water  at  these  mines  leads  to  a  notice  of  the  copper 
bog  near  Moel  Hafod  Owen,  west  of  Rhobell  Fawr,  near 
Dolgelly.i 

The  turf  filled  a  hollow  in  the  hills,  the  strata  of  which  are 
talcose  schists,  felspathic  rocks,  and  greenstones  of  the  Upper 
Cambrian  group,  which  are  dotted  and  intersected  with  nests 
and  strings  of  copper  pyrites. 

The  water  passing  over  and  through  these  copper  impreg- 
nated rocks,  flowed  into  the  bog,  the  moss  of  which  thus 
became  charged  with  carbonate  of  copper.  Ore  to  the  value 
of  many  thousands  of  pounds  was  formerly  extracted  by  burn- 
ing the  turf  in  kihis,  and  separating  the  copper  from  its  ashes. 
The  deposit  is  interesting  as  a  recent  example  of  the  way  in 
which  some  of  the  stratified  mineral  deposits  we  are  considering 
became  saturated  with  metallic  matter. 

A  considerable  attempt  has  been  made,  with  much  skill, 
and  by  the  aid  of  excellent  machinery,  to  work  one  of  the 
copper  pyrites  lodes  of  the  district  at  Glasdwr,  near  Dolgelly, 
but  torn  the  poorness  of  the  ore,  about  2^  per  cent.,  although 
by  careful  dressing  it  was  brought  up  to  6  per  cent,  the  mine 
is  at  present  idle.  The  matrix  of  this  ore  is  a  slaty  bluestone, 
containing  numerous  ramifications  of  sulphide  of  copper  and 
iron  pyrites,  with  which  is  associated  a  small  quantity  of  silver, 
less  of  goldy  and  some  lead. 

Carnarvonshire  and  Cardigan. — Lodes  charged  with 
sulphide  and  blue  and  green  carbonate  of  copper  traverse 
similar  strata,  and  run  up  into  the  overlying  Llandeilo  beds  in 

>  Ramsay,  Gtciogy  of  North  Waia, 
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the  country  between  Drwysycoed,  where  there  is  an  ancient 
copper  mine,  and  the  region  of  Moel  Hebog,  Beddgelert,  and 
Snowdon.  Old  mines,  where  considerable  work  has  been  done, 
dot  the  hillsides.  The  most  important  copper  mine  in  Car- 
narvon at  the  present  time  is  Tanybwlch.  Its  production 
of  copper  ore  in  1878  was  595  tons,  of  the  value  of  5,500/. 
In  1890  the  only  mine  at  work  in  Carnarvonshire  was  the 
Pantgwyn,  near  Pwllheli,  which  produced  600  tons  of  copper 
ore,  worth  2,521/. 

The  lodes  are  about  four  feet  wide,  and  have  usually  been 
worked  by  adit  levels.  With  the  introduction  of  tramways  into 
the  district  some  of  these  lodes,  in  ordinary  conditions  of  trade, 
may  yet  perhaps  be  worked  to  profit.  Copper  is  the  prevailing 
metallic  mineral  of  the  region,  and  the  lead  lodes  are  charged 
with  it.  This  is  also  true  of  a  small  portion  of  the  lead  district 
of  the  county  of  Cardigan,  as  at  Esgair  Ffraith  and  South 
Darren  Mines,  near  Aberystwith.  These  two  mines  produced 
in  1878,  306  tons  15  cwt.  of  ore,  that  gave  31  tons  10  cwt  of 
pure  copper.     In  1890  the  county  produced  33  tons  of  ore. 

North- West  of  England.* — In  this  region  copper  pyrites 
are  found,  and  the  remark  of  the  last  paragraph  as  to  working  at 
a  profit  applies  here  also.  1,007  ^^ns  were  raised  at  the  Coniston 
Mine,  one  of  the  oldest  in  the  district,  in  1876.  The  strata 
here  are  green  slates  and  porphyritic  rocks,  which  are  traversed 
by  six  east  and  west  ore-bearing  veins,  through  which,  a  quarter 
of  a  mile  apart,  are  two  great  north  and  south  faults,  which 
displace  the  east  and  west  lodes.  The  most  productive  of  the 
latter  is  known  as  the  Friddle.  At  the  depth  of  100  yards  a  large 
body  of  ore  was  struck,  which  has  been  followed  downwards  for 
200  yards.  A  good  deal  of  the  richest  ore  has  been  obtained  from 
a  similar  lode  known  as  the  Paddy  End  vein.  The  ore  is  chiefly 
copper  pyrites,  with  occasionally  other  forms  of  ore.  Other 
mines  opened  for  copper  have  proved  more  productive  of  lead. 
No  ore  was  obtained  in  1890. 

Ireland:  Co,  Wicklow. — In  1876  Ireland  produced  5,651 
tons  of  copper  ore,  of  the  value  of  29,213/.  8^.  6^.,  or  about 

>  PoBtletbwaite,  Mines  and  Mining  in  thi  Lake  District, 
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$i.  iw.  per  ton.    In  1878  the  production  had  fallen  to  i,8jo 
tons,  of  the  value  of  9,661/.  171.  loJ.,  and  in  1890  it  had  fallen 
to  70  tons  of  4  per  cent,  ore,  worth  394/- 


Tto.  %it,~MooM  or  OccnMiNo  or 
Old  Ba 


I   Cbj  ilu*.    c  c,  Capper  pyrius.    a,  lion  pyriui.    ■>,  Gnu  buncb  of  appcr  on, 

Although  not  now  the  largest  producers  of  copper  ore,  the 
mines  of  Ovoca,  in  Wicklow,'  are 
interesting  as  shoning  us  great 
iscs  of  strata  permeated  with 
copper  and  sulphur,  like  those 
>  just  described  in  Anglesea. 

The    basement  rock  of  the 
,  country  is  a  grey  granite,  which, 
where  most  productive  of  mine- 
'f  rals,  is  mixed  with  green  steatite, 
"  and  occasionally  there  are  large 
f  crystals  of  felspar  that  give  the 
rock  a  homblendic  appearance. 
fhj.  ji-SKTioK  o*  Loos  »T  Tio-  The  granite  is  overlaid  by  a  con- 
«»rr  M.K».  Ovoca.  w.«low.      gijjerable  thickness  of  micaceous 

1  I  I,  Copper  Jodn.     v,  IroDprnts  14"      ,  1  '    1     -      -^       ^  i 

wide,   ii.  Bed!  oTdiflcmu  coiound  slatc,  which  m  Its  tum  IS  capped 

*"""■  by  a  great  thickness  of  clay  slate, 

the  seiies  presenting  a  similarity  to  the  succession  of  strata  in 

'  Sm^h,  Wifa  vf  fVictlow  and  Watnford. 
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^omwalL  The  copper  has  been  most  plentiAil  near  the  junc- 
tion of  the  micaceous  slates  with  the  granite.  The  strata  range 
from  NE.  to  SW.,  and  dip  to  the  SK  at  an  angle  of  about  50 
degrees.  Fig.  55A  shows  a  common  mode  of  the  occurrence 
of  the  ores,  the  deposit  though  not  coinciding  with,  yet  folloir- 
ing  roughly  the  dip  and  course  of  the  bedding.  It  represents 
the  nature  of  the  copper  and  sulphur  deposits  at  the  Old  Bally 
Murtagh  Mine ;  and  fig.  56,  from  Smyth,  is  a  section  of  a 
similar  deposit  at  the  mines  of  Tigrony,  on  the  banks  of  the 
Ovoca,  showing  strings  of  copper  ore  and  a  sulphur  course 
running  side  by  side  and  coinciding  generally  with  the  bedding. 
The  whole  width  of  the  metalliferous  beds  here  is  about  40 
yards,  and  the  copper  ores  rai^  in  value  from  4  to  8  per  cent. 


CHAPTER    XVIII. 

COPPER— eantmued. 

Cepper  Deposits  of  Nortb-Easlem  America— Nova  Scotia,  to  Carolina — 
Miisissip[ri  Valley,  Wisconsin — I^e  Snperior — Canada. 

North-Eastern  America.' — Deposits  of  copper  have  been 
found  and  worked  to  some  extent  in  Newfoundland  and  in 
Nova  Scotia,'  the  production  of  the  latter  province  being,  for 
1877,  385  tons,  an  increase  of  940  tons  on  the  previous  year. 
Mines  are  also  in  ope- 
ration at  various  points 
along  both  sides  of  the 
\  Appalachian  mountains, 
from  Maine  to  the  Caro- 
I  Unas.  One  of  the  most  , 
I  importantof  these  is  near 
the  town  of  Manchester,  ' 
in  Connecticut,  where  a  ' 
deposit  of  malachite  has  . 
been  worked  at  times 
■\l  since  the  middle  of  the 
,T  last  century.  Other  im- 
portant mines  of  these 
Eastern  States  have  been 
opened  in  Maryland,  and  fig.  57,  adapted  from  Whitney,  will 
show  the  character  of  the  deposit  at  what  was  called  the 
Dolly  Hide  Mine. 

There  is  a  band  of  aystalline  limestone  100  feet  thick, 

•  WKtney,  Mttallk  Wtallh  of  iht  Unitid  Stata. 

•  <^pin,  'Recent  Discoveries  of  Copper  in  Nora  Scotia,'  Qaarttrfy 
fmrntd  Ccelogiral  Sonely,  NoTcmber  1877. 
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interstratified  in  places  with  slate,  the  whole  of  the  beds  being 
nearly  perpendicular.  In  the  limestone  are  numerous  roughly 
parallel  irregular  beds  or  segregations  of  copper  ore.  This  is 
mixed  with  quartz,  coloured  brown  by  iron  and  manganese.  In 
depth,  or  along  the  course  of  the  bed,  argentiferous  galena  takes 
the  place  of  copper,  the  galena  yielding  45  to  50  ounces  of 
sDver  to  the  ton  of  ore. 

Besides  deposits  in  the  older  Cambro-Silurian  rocks  and 
Carboniferous  limestone,  there  are,  along  these  Eastern  States, 
copper  deposits  associated  with  the  New  Red  Sandstone.  These 
consist  first  of  contact  deposits  lying  between  the  Sandstone 
above  and  porphyritic  rocks  below,  and  secondly  of  cupriferous 
beds  in  the  Sandstone  itself  like  Uiose  of  Cheshire  and  Salop. 
In  New  Brunswick  such  deposits  are  associated  with  Coal- 
measure  fossils. 

Another  important  group  of  mines  is  successfully  worked 
by  the  Union  Consolidated  Mining  Company  of  Tennessee, 
near  Ducktown,  in  the  north-eastern  corner  of  Tennessee,  and 
on  the  western  side  of  the  Alleghanies.  About  1,000  men  are 
employed,  and  the  producton  is  about  2,500  tons  a  year.  The 
ore  is  black  oxide,  which  was  discovered  in  the  year  1849.  It 
yields  on  an  average  25  per  cent  of  metallic  copper.  In  depth 
it  changes  to  yellow  sulphide,  with  a  yield  of  6  per  cent,  of 
fine  copper.  The  deposit  varies  in  width  from  15  to  60  feet, 
and  is  probably  a  mineralised  bed  of  the  same  age  and 
character — ^micaceous  and  homblendic  rocks — as  those  of 
Anglesea.    Similar  deposits  occur  in  Alabama. 

Dr.  Sterry  Hunt,*  while  admitting  the  general  coincidence 
of  these  deposits  with  the  strata,  regards  them,  from  their 
internal  structure,  as  true  fissure  lodes.  The  massive  chalco- 
pyrite  and  other  sulphuretted  ores  are  traversed  by  larger 
crystals  of  hornblende  and  p>Toxene,  which  are  often  broken 
across  and  the  cracks  filled  with  sulphides.  There  are,  how- 
ever, micaceous  beds  in  the  immediate  vicinity  of  these  lodes 
strongly  impregnated  with  copper.  So  that  there  are  both  beds 
and  lodes. 

*  Enginarittg  and  Mining  'Journal  of  New  York^  August  1 877,  p.  109. 
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Passing  up  the  Mississippi  Valley,  a  copper  deposit  is  found 
at  Mineral  Point,  Wisconsin.  The  ore  occurs  in  a  fissure  in 
Cambro-Silurian  limestone.  The  fissure  is  about  14  feet  wide, 
and  is  filled  with  gossan  to  the  depth  of  15  feet  In  the  gossan 
are  found  lumps  of  the  sulphide  and  carbonate  of  copper  of 
all  sizes  up  to  200  lbs.  weight.  Below  that  depth  the  fissure 
was  filled  with  clay,  with  a  little  copper  ore  dispersed  though  it 

Lake  Superior  Copper  Region. — Pursuing  our  journey 
northward  we  reach  the  most  important  copper  region  of  the 
'North  American  continent,  the  southern  shore  of  Lake  Superior, 
iabout  Kewenaw  Point  and  Bay.  There  are  traces  of  old  shal- 
low workings  made  by  the  Indians.  The  deposits  of  copper 
were  also  known  to  the  Catholic  priests  who  travelled  in  the  re- 
gion in  the  latter  half  of  the  sixteenth  century.  Mining  operations 
by  Europeans  were  commenced  near  the  Forks  of  Ontonagon, 
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Fia  58.— Section  op  Strata  in  the  Lake  Superior  Copper  Region. 

I,  Granitic  rocks,  a,  Gneissic  rocks.  3,  Greenstone  and  homblendic  rocks,  and  coo* 
glomerates  with  intersiratified  slates.  4,  Slaty  rocks,  with  traps,  &c  5,  Potsdam 
sandstone — Lingula  flags,    a  a.  Place  of  copper  deposits,    bb,  Place  of  ironstone  beds. 

in  the  year  1 771,  by  Alexander  Henry,  who  does  not  seem  to 
have  been  very  successful.  From  this  date  the  country  was 
visited  by  military  and  scientific  men,  and  by  State  officers,  who 
were  all  surprised  at  the  masses  of  native  copper  to  be  seen 
there,  but  who  all  concurred  in  the  idea  that  the  district 
was  too  remote  for  the  ores  to  be  profitably  worked,  especially 
considering  the  hostility  of  the  Indian  tribes. 

In  1843  the  country  was  ceded  by  the  latter  to  the  United 
States,  and  in  the  same  and  following  years  numerous  miners, 
prospectors,  and  geologists,  explored  the  region.  Hundreds 
of  permits  or  *  take-notes '  were  applied  for ;  the  most  unlikely 
localities  were  taken.  The  excitement  grew.  Speculation  and 
Stock  Exchange  tactics  flourished,  the  whole  followed  by  the 
usual  result — a.  collapse.    Some  good  mines  however  remained. 

The  diagram  section,  fig.  58,  will  illustrate  the  geological 
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stnictuie  of  the  couDtry,  and  will  show  the  position  of  the 
copper  deposits,  as  well  as  those  of  iron,  which  we  shall  have 
presently  to  consider. 

The  lowest  granite,  i,  passes  upwards  into  gneiss ;  3,  3  are 
homblendic  rocks  and  greenstones,  covered  by  slates,  calca- 
reous in  places,  and  interstratified  by  felspathic  and  homblendic 
rocks  ;  S  is  a  great  thickness  of  what  by  its  fossils  is  proved  to 
be  the  Potsdam  sandstone,  the  equivalent  of  our  Lingula 
flags  ;  3  B  is  an  upward  curve  of  the  lower  portion  of  the 
rocks  3  and  4  a  4  a  are  continuations,  in  a  somewhat  altered 
fonn,  of  portions  of  gioup  4.  They  here  consist  of  con- 
glomerates, traps,  greenstones,  and  slates,  resting  on  a  central 
ridge  or  upward  curved  mass  of  choritic  and  gneissic  rock,  and 
contain  the  copper  deposit  These  consist  of  both  mine- 
ralised beds  and  proper  lodes. 

The  whole  region  has  been  grouped  into  four  districts  thus : 


The  section  of  Waterbury  Mine  {fig.  59)  will  show  the 
detailed  order  of  the  strata  in  the  Kewenaw  Point  district,  and 
one  of  the  bedded  deposits.  3 


The  upper  greenstone, 
a  compact  crystalline  trap- 
pean  rock  like  dolerite.    It 
has  a  thickness  of  500  to 
600  feet ;  under  it   lies  a 
bed  of  ash,  often  chloritic. 
Between  this  and  the  con- 
glomerate 4,  there  is  the  f, 
ore  deposit  3,  containing 
thin  sheets  and  particles  of  ' 
copper. 

The  details  of  the  beds 
between     the     crystalline  ba 
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from  this  poin^  as  the  section  at  the  Lake  Eureka  Mine,  &g.  60, 
will  show. 

The  amygdaloidal  beds,  5  of  tig.  59  and  8  of  fig.  60,  alter- 
nate with  sandstones  and  shales,  and  form  a  group  of  strata 
4,000  to  s,ooo  feet  thick,  and  constitute  the  great  copper- 
bearing  zone  of  rocks. 

They  are  traversed  at  right  angles  to  their  strike  by  nearly 
perpendicular  lodes,  which  have  a  usual  width  of  three  feet, 
but  which  open  out  to  ten  feet  wide  or  more.  There  are  no 
cross  courses,  but  as  the  lodes  pass  from  one  kind  of  rock  to 
another,  they  are  oRen  bent  from  a  straight  course.    They 
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traverse  the  whole  series  of  strata  from  the  underlying  gneiss 
and  greenstone,  3  b,  to  the  Potsdam  sandstone,  5,  of  the  sec- 
tion  fig.  58.  The  gangues  of  the  veins  vary  in  the  different 
rocks.  In  conglomerate  the  earthy  minerals  are  chiefly  calca- 
reous, in  which  the  copper  is  concentrated  into  large  masses. 
Id  the  fine  crystalline  amygdaloids,  which  are  the  most  pro- 
ductive ore-bearing  rocks,  the  lodes  contain  quartzose  matters, 
mixed  with  variable  quantities  of  calcareous  spar  and  zeolitic 
minerals.  Copper  is  most  abundant  when  the  lode-stuff  is 
t  crystalline  and  drusy  quartz,  intermixed  with  granular  car- 
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bonate  of  lime  jind  prehnite.  With  the  earthy  minerals  in 
most  of  the  veins  there  are  cemented  brecciated  fragments  of 
the  adjoining  rock. 

The  veins  seem  lost  when  they  pass  up  into  the  overlying 
Potsdam  sandstone,  and  are  not  usually  productive  in  the 
crystallising  greenstone  at  the  top  of  the  sections,  figs.  59  and 
60,  although  they  are  close  up  to  it. 

The  copper  is  found  native,  in  particles  and  masses  of  all 
sizes,  from  those  of  microscopic  minuteness  up  to  200  tons  in 
weight     At  the  Cliff  Mine,  of  which  a  section,  adapted  from 
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Dark  parts  show  ground  sloped. 

Whitney,  is  given  in  fig.  61,  sheet  copper  often  occupies  the 
entire  vein.  No  part  of  the  vein  is  so  poor  as  not  to  be  worth 
taking  down,  the  average  production  of  copper  per  fathom 
being  761  pounds. 

The  lode  was  first  discovered  at  this  mine  in  the  crystalline 
trap  or  greenstone  at  the  top  of  the  bluff. 

Its  course  down  the  escarpment  was  marked  by  a  depres- 
sion in  the  greenstone.  In  this  rock  the  lode  was  only  a  few 
inches  wide,  and  contained  native  copper  and  specks  of  silver 
beautifully  incrustrated  with  red  oxide. 
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Half  way  down  the  cliff  the  lode  expanded,  and  believing 
that  it  would  increase  in  width  downwards,  Mr.  Whitney 
recommended  the  opening  of  the  lode  at  as  low  a  point  as 
possible.  The  d^ris  at  the  base  of  the  cliff  was  cleared  away, 
and  the  vein  traced  into  the  amygdaloid  below,  A  level  was 
driven,  and  at  a  distance  of  70  feet  the  first  mass  of  copper 
was  struck,  and  the  productive  character  of  the  lodes  in  the 
strata  below  the  crystalline  trap  or  greenstone  proved.  The 
direction  of  the  lode  is  N.  27°  W.,  and  it  underlies  10  degrees 
to  the  east  Its  average  width  is  15  to  18  inches,  but  it  widens 
out  in  places  to  3  or  4  feet  Its  metallic  minerals  are  exclu- 
sively native  copper  and  native  silver. 

The  silver  occurs  in  spots  and  patches,  as  if  it  were  soldered 
in  the  copper.  It  is  most  abundant  in  the  lodes  at  the  points 
of  contact  between  two  dissimilar  beds  of  rock. 

The  copper  is  divided  :    ist,  into  masses,  often  weighing 
many  tons  ;  and,  into  barrel  work,  consisting  of  lumps  weigh- 
ing several  pounds  ;  and,  3rd,  into  stamp  work,  consisting  of 
grains  of  copper.     When  a  large  sheet  of  copper  occurs  in  the 
vein,  the  rock  is  removed  on  one  side  of  it,  a 
small  tunnel  is  driven  on  the  other  side,  which 
is  charged  with  powderup  to  X3  cwt,  and  the 
lode  blown  down.     In  this  way  great  masses 
of  copper,  weighing  60  or  70  tons,  are  blown 
down.     These  are  of  a  tabular  shape.     They 
are  broken  or  cut  by  chisel  and  hammer  in  the 
mine  into  sizes  convenient  for  removal,  and 
further  broken  on  the  surface  so  as  to  be  suit- 
cic  Sj.-sectioh  of  able  for  shipment.      The  mines  of  the  Isle 
ciiwN*  Mount AiKs,'  Roy^'  ^^^  ^'^T  similar  to  those  just  described. 
Dllwit^LjS'B's"         ^"   Ontonagon    the    metal  seems   more 
■uDBD  Jm^I™  "''^^'y  disjjersed  throughout  the  rock.    It  oc- 
t«iTB.  curs  in  beds  between  the  traps  and  sandstones, 

"prifenui  (kpoii't.  3,  and  in  seams  and  layers  parallel  with  the 
^£  ™rrSp!  bedding  of  the  rocks,  as  shown  in  fig.  6a. 
5.  "Bed  ofeaiE  ■jar.  ^5Q  j[j  (jyg  veins,  whose  direction  coincides 
with  that  of  the  strata,  but  which  dip  at  a  different  angle.     In 
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one  of  these  lodes  at  the  Minnesota  Mine,  a  mass  of  copper, 
weighing  six  tons,  had  been  lifted  from  its  bed  and  hammered 
all  over  by  the  Indians. 

In  the  Portage  Lake  district  there  are  not  many  regular 
veins,  but  the  native  metal  is  distributed  in  small  masses, 
lumps,  and  grains,  through  regular  metalliferous  beds  which 
differ  little  in  other  respects  from  the  adjacent  rocks.  The 
most  productive  mine  of  this  region  at  the  present  time  is  the 
Calumet  and  Hecla,  which  produces  900  tons  of  ingot  copper 
monthly,  or  10,800  tons  a  year.  Besides  this  mine  there  is  the 
Quincey,  with  a  yearly  production  of  1,800  tons,  of  80  per  cent 
value.  The  Osceola  producing  the  same  amount  The  Cen- 
tral Mine,  which  produces  the  greatest  quantity,  and  largest 
masses  of  native  copper  in  the  district  Its  production  of 
ingot  copper  is  1,200  tons  a  year.  The  Cliff  Mine,  which  I 
have  described,  and  some  of  the  other  old  mines  have  fallen  off 
in  value,  but  it  is  hoped  that  explorations  now  in  progress  will 
revive  them.  The  total  present  yearly  production  of  the 
r^on  may  be  taken  at  over  44,000  tons. 

In  an  excellent  paper  read  before  the  American  Mining 
Institute,  in  1890,^  will  be  found  much  interesting  information 
relative  to  the  Lake  Superior  Copper  Mines,  and  from  it  is 
adapted  much  of  the  following  description. 

As  will  have  been  gathered  from  the  preceding  pages,  the 
copper  deposits  of  this  region  do  not  all  occur  under  similar 
circumstances,  and  consequently  the  mines  which  have  been 
opened  up  upon  them  may  be  divided  into  groups  according 
to  the  distinct  forms  of  the  deposits  they  are  working  upon. 

First  of  all  we  have  those  mines  which  are  worked  upon  veins 
in  search  of  mass  copper,  of  which  a  notable  example  is  the 
Cliff  Mine  (fig.  61),  already  described.  This  mine,  however, 
has  for  the  last  ten  years  yielded  very  little  copper,  and  many 
others  which  were  started  about  the  same  period  are  also 
making  but  little  returns  at  this  moment  In  the  large  mines 
this  is  due  to  the  fact  that  in  depth  the  veins  are  not  so  pro- 

'  TTie  Copper  Resources  of  ike  Untied  States,  by  James  Douglas,  New 
York  City.     Note  by  E.  H.  D. 
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ductive  masses  of  rich  copper.  The  Central  Mine  is  now  the 
only  one  of  the  original  'mass'  companies  still  in  full  work 
upon  a  vein.  The  largest  body  of  copper  found  here  was  one 
which,  with  the  subsidiary  ones  attached  to  it,  weighed  1,200 
tons.  The  depth  of  this  mine  is  now  2,900  feet  vertical,  and 
the  vein  varies  from  a  few  inches  to  25  feet  in  width,  while  the 
productive  shoot  or  column  of  rich  ore  below  the  900  feet 
level  does  not  average  more  than  300  feet  in  length.  At  a 
depth  of  2,800  feet  the  vein  was  much  shattered,  and  finally 
displaced  when  passing  through  a  bed  of  conglomerate  to  a 
distance  of  240  feet  west  of  its  original  line.  The  average 
yield  of  the  whole  vein  has  only  been  i  '9  per  cent,  copper,  but 
by  careful  management  the  dividends  have  amounted  to 
400,000/.  on  a  capital  of  20,000^.  paid  up. 

The  second  series  of  mines  are  those  worked  in  the  amyg- 
daloid (figs.  59  and  60),  and  these  beds,  although  traceable 
throughout  the  whole  district,  appear  to  contain  a  greater 
proportion  of  copper  in  the  neighbourhood  of  Portage  Lake. 

The  beds  were  first  explored  in  1850,  and  since  then 
numerous  companies  have  been  formed  to  work  them.  The 
average  percentage  of  the  copper  in  the  amygdaloid  varies 
from  o-6o  to  I '02,  and  with  the  exception  of  a  portion  of  the 
product  of  one  mine,  the  Quincy,  where  the  copper  is  to  some 
extent  found  in  small  masses  and  *  barrel- work,'  the  whole  of 
the  ore  has  to  be  stamped  and  concentrated,  and  the  excellence 
of  the  management  may  be  estimated  when  it  is  known  that 
the  whole  cost  of  mining,  concentration,  smelting,  and  transport 
only  amounts  to  about  6s,  per  ton  of  rock  treated.  The  district 
has  many  dividend-paying  mines,  the  principal  being  the 
Quincy,  with  an  output  in  1890  of  3,597  tons  of  copper  ;  the 
Osceola,  with  2,320  tons  ;  and  the  Atlantic,  with  1,627  tons. 

The  third  and  last  series  of  mines  are  those  which  are 
worked  in  the  conglomerate.  There  are,  in  fact,  several  con- 
glomerate beds  interstratified  with  the  trap  rocks  and  amygda- 
loid of  the  Keweenaw  series  of  rocks,  as  has  already  been 
pointed  out  and  illustrated  in  figs.  59  and  60 ;  but  of  these  con- 
glomerates only  one,  known  as  the  Calumet  bed,  has  hitherto 
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been  profitably  worked.  The  oldest  mine  in  the  series  is  the 
famous  Calumet  and  Hecla,  which  commenced  work  in  1865, 
while  the  Tamarack  is  the  latest,  and  was  sunk  to  and  struck 
the  rich  ore  body  of  the  Calumet  to  the  dip  of  that  property,  at 
a  depth  of  2,270  feet. 

The  Calumet  conglomerate  bed  outcrops  for  a  length  of 
three  miles,  and  within  this  distance  and  a  width  of  three 
miles  there  are  twenty-five  inclined  shafts,  of  which  eight  are 
deeper  than  3,000  feet,  and  seven  vertical  shafts,  of  which  the 
shallowest  is  2,270  feet  deep,  and  the  deepest  will  be  5,000 
feet  when  complete.  The  average  percentage  of  copper  in  the 
crude  ore  was,  in  1888,  3*52  per  cent.,  and  this  is  concentrated 
up  to  a  product  containing  between  30  and  90  per  cent  of 
metallic  copper,  and  then  smelted  and  refined  at  one  operation. 

The  principal  mines  working  upon  the  conglomerate  bed 
are  the  Calumet  and  Hecla,  which  in  1890  produced  26,339 
tons  of  copper,  the  Tamarack,  with  4,059  tons,  and  the 
Osceola,  with  2,320  tons,  while  the  total  production  of  the 
district  was  44,450  tons  of  copper  in  1890. 

Canada. — In  Canada,  on  the  north  shore  of  Lake  Superior, 
copper  mines  have  been  worked  with  varjring  success  in  similar 
deposits  to  those  of  the  south  shore,  except  that  the  amyg- 
daloidal  trap  (5  of  fig.  59,  and  8  of  fig.  60)  has  given  place 
to  a  compact  quartzose  sandstone,  which  passes  into  a  jasper 
conglomerate.  A  lode  worked  near  Prince's  Bay,  having  a 
course  N.  32°  W.,  was  mainly  composed  of  talc,  heavy  spar, 
and  quartz.  It  was  about  12  feet  wide,  and  contained  yellow 
sulphide  and  variegated  ores.  So  far  the  mines  on  the  north 
of  the  lake  have  not  been  very  successfully  worked. 

In  the  year  1889  the  production  of  fine  copper  contained 
in  ore  was  3,040  tons,  of  a  value  of  177,085/.,  while  that  from 
Newfoundland  was  3,067  tons  of  copper  ore,  worth  22,922/., 
and  1,343  of  copper,  of  a  value  of  48,348/. 
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COPPER— continued. 

Western  North  America — Colorado,  Montana,  Nevada,  and  Arizona— 
Wyoming — Cuba — Jamaica— South  America — Venezuela  and  Chili  - 
Australasia —North  and  South  Australia — York  Peninsula — Flinders 
Range — Victoria— New  South  Wales — Japan— Inferences,  and  Con- 
cluding Remarks. 

Western  North  America. — Copper  deposits  exist  in  Western 
Colorado,  Montana,  and  in  Arizona.*  The  remoteness  of  the 
localities  from  railway  communication,  and  the  eager  concen- 
tration of  mining  enterprise  upon  gold  and  silver  ores,  has 
hitherto  prevented  most  of  these  deposits  from  being  worked. 
During  the  last  two  or  three  years,  however,  the  copper  mines 
of  Clifton  and  Santa  Rita,  in  Arizona,  have  been  rising  into 
importance.  These  deposits  occur  as  contact  beds  in  the 
strata  of  the  Yankee  and  Arizona  range  of  hills,  which,  resting 
on  a  base  of  granite,  consist  of  quartzite,  slaty  and  homblendic 
rocks,  with  intercalated  limestone,  the  whole  being  highly 
inclined.  The  deposits  occur  between  the  quartzose  hom- 
blendic rocks  and  the  limestone.  They  are  from  ten  to  fifty 
feet  thick,  and  consist  of  nearly  pure  red  oxide  of  copper, 
which  carries  from  lo  to  50  ounces  of  silver.  Small  bunches 
of  copper  pyrites  and  copper  glance  have  been  found  in  depth. 
At  the  Longfellow  Mine  the  deposit  has  been  worked  to  a 
depth  of  230  feet,  and  at  the  Gleason  to  90  feet,  without  any 
diminution  in  the  quantity  and  quality  of  the  ores. 

There  has  been  considerable  increase  *  in  the  copper-mining 
industry  of  Arizona  since  the  first  edition  of  this  book  was 

'  Engineering  and  Mining  Journal  of  New  York,  January  1878,  p.  53. 

«  Note  by  E.  H.  D. 
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published.  In  1882  the  production  was  8,028  tons  of  copper, 
and  this  has  steadily  increased  up  to  15,942  in  1890. 

Over  90  per  cent  of  all  the  Arizona  copper  is  obtained  from 
the  oxidised  ores  of  the  middle  and  southern  sections  of  the 
territory,  and  with  insignificant  exceptions  the  whole  of  the  bar 
copper  is  obtained  from  the  three  districts  of  Clifton,  Bisbee, 
and  Globe,  and  in  each  of  them  the  ore  occurs  in  or  near  the 
carboniferous  limestone. 

In  Bisbee  the  ore  beds  seem  to  be  confined  to  the  lime- 
stone, while  in  Clifton  and  Globe  the  ore  bodies,  though  of 
irregular  size  and  occurring  at  irregular  intervals,  are  generally 
found  in  the  plane  of  contact  of  the  limestone  and  granite  or 
of  the  limestone  and  sandstone. 

The  principal  mines  in  the  Clifton  district  are  owned  by 
the  Arizona  Copper  Company  and  the  Detroit  Copper  Com- 
pany. At  Bisbee  the  chief  mine  is  the  Copper  Queen,  and  at 
Globe  the  Old  Globe  Mine,  owned  by  the  Old  Dominion 
Copper  Company. 

The  only  large  copper  mine  in  the  northern  half  of  the 
territory  is  the  Verde  in  Yavapai  county,  where  the  copper 
occurs  in  lenticular  masses  imbedded  in  crystal  schists.  All 
the  copper  ores  of  Arizona  contain  a  certain  percentage  of  gold 
and  silver,  but  this  varies  considerably  in  each  vein,  and  is  never 
a  constant  quantity,  being  very  irregular  in  its  distribution. 

It  is  very  difficult  to  fix  the  average  percentage  of  the  ores 
as  mined,  as  they  are  always  hand-picked  or  otherwise  sorted 
and  enriched  before  they  are  sent  to  the  furnaces ;  and  the 
amount  of  this  varies  in  each  district  according  to  the  cost  of 
carriage  from  the  mines  to  the  smelting  works,  and  also  the 
cost  of  fuel. 

In  Montana  the  Buttes  vein,  discovered  in  187;  has  now 
been  developed  for  a  continuous  length  of  three  miles,  and  is 
productive  for  that  distance.  The  copper  ore  occurs  in  large 
bodies  imbedded  in  the  softened  granite  gangue  of  the  yein, 
and  in  one  case  in  the  Anaconda  Mine  attained  a  width  ot 
150  feet  of  mineral. 

The  lode  runs  in  an  east  and  westerly  direction  across  the 
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ridge  of  a  mountain  separating  two  valleys ;  and  it  is  a  notable 
&ct  that  the  mines  at  the  extremities,  which  also  are  the  lowest 
points,  are  the  richest  in  mineral,  and  in  them  the  ore  came 
up  to  the  surface,  while  in  mines  on  the  hill,  at  a  height  of 
several  hundred  feet  above  the  others,  no  notable  quantity  of 
copper  was  found  under  a  depth  of  400  feet,  but  at  this  point 
the  rich  ores  of  the  terminal  mines  were  met  with. 

The  copper  contains  silver  throughout  the  district,  in  a 
proportion  varying  from  2  ozs.  per  unit  to  less  than  ^  oz.  per 
tmit ;  and  there  is  a  larger  percentage  of  silver  in  the  ores  from 
the  mines  on  the  western  portion  of  the  vein,  the  amount 
gradually  diminishing  eastwards.  The  average  yield  in  copper 
of  the  vein  may  be  taken  as  5*9  per  cent.,  but  this  is  likely  to 
decrease  as  the  mines  gain  in  depth. 

The  lode  occurs  in  strata  of  apparently  the  same  age  as 
those  of  Arizona,  and  the  lodes  are  productive  in  homblendic 
and  quartzose  slates  above  granite.  The  ores  are  oxides  near 
the  surface,  with  copper  glance  below,  with  small  quantities  of 
carbonates. 

The  mines  in  Arizona  and  Montana  have  been  increasing 
their  production  from  year  to  year,  but  in  very  different  propor- 
tions, as  is  indicated  by  the  following  figures  from  <*The 
Mineral  Resources  of  the  United  States  "  * : — 


Arizona. 

Montana. 

1882 

17,984,415  lbs. 

9,058,284  lbs. 

1883 

23.874,963  ,, 

24,664,346  „ 

1884 

26,734,345  „ 

40,612,783  „ 

1885 

22,706,366  „ 

61,797,864  „ 

1886 

15,657,035  ,» 

57,611,621  „ 

1888 

31,797,300  „ 

97,897,968  „ 

1889 

31,600,000  „ 

104,200,000  „ 

In  the  Ewing  district,  south  of  Wyoming,  and  on  the  line 
from  Colorado  to  Utah,  deposits,  consisting  chiefly  of  oxides  of 
copper,  occur  in  contact  deposits  from  3  to  50  feet  thick. 
There  appear  to  be  three  principal  courses  of  ore,  inclining 

*  Tk4  Copper  Resources  of  the  United  States ^  by  James  Douglas,  New 
York  City. 
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with  the  strata  at  a  high  angle,  and  traceable  along  the  surface 
for  thousands  of  feet  Near  the  surface  the  ore  occurs  in 
sheets  of  from  a  to  8  inches  wide,  very  free  from  earthy  matter. 
Samples  assayed  have  shown  silver  as  much  as  50  ounces  to 
the  ton.  The  deposits  lie  between  beds  of  slate  and  lime- 
stone. 

Farther  north,  in  the  Upper  Snake  River  Valley,  are  the 
Peacock  and  Monument  Mines,  where  the  deposits  of  copper 
are  reported  to  be  the  most  extensive  on  the  continent.  There 
is  no  doubt  that  similar  deposits  will  be  found  at  the  same 
slratigraphical  horizons  all  the  way  from  the  extreme  north, 
southwards  through  the  States  named  and  those  lying  to  the 
south.  The  total  yield  of  copper  from  the  mines  west  of  the 
Missouri  river  for  the  year  1877  amounted  in  value  to  about 
200,000/.,  or  say  15,000  tons. 

The  following  table  gives  the  production  of  copper  in  the 
United  States  for  the  year  1890,  from  ores  extracted  in  the 
States  :— 

Michigan 4494SO 

AiizonK 15,943 

Mantaim 49,S5S 

New  Menico 388 

California 955 

Colorado 3.017 

Ulah 267 

Other  Stales  a.nd  lead  [eiiDeis       ....       1,741 
Total  toiu    .         .         .   tl6,3iS 

Cuba. — As  we  pass  southward  we  may  notice  briefly  that 
copper  mines  were  formerly  extensively  worked  in  this  island. 
The  deposits  consisted  of  beds  and  masses  that  lay  in  the 
midst  of  greenstone  and  serpentine  rocks,  with  their  inler- 
stratified  slates.  The  ores  were  the  yellow  sulphides  mixed 
ivith  iron  ores.  Near  the  surface  the  copper  ores  were  oxidised, 
and  in  this  portion  of  the  deposits  masses  of  native  copper 
were  found.  The  production  of  copper  in  Cuba  was,  in  1853, 
2,aoo  tons.  Similar  deposits  have  been  found  in  Jamaica, 
where  there  are  also  lodes  in  which  mines  have  been  opened. 
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SOUTH  AMERICA. 
VsHEZUELA.  —  Gaining  the  southern  continent  we  find  the 
mineral  resources  of  this  Republic  rising  into  importance. 
One  mine,  the  New  Quebrada,  shipped  in  1877  4,446  tons  of 
copper  ore,  of  the  percentage  of  ii|,  and  for  die  first  four 
months  of  1878  2,400  tons  of  15  per  cent  In  Peru  copper 
is  largely  mixed  with  silver,  and  both  metals  occur  in  vdns, 
and  also  in  beds  and  segregated  deposits  Near  Colcamba  a 
segregated  mass  occurs  in  a  variety  of  granitic  rock. 

Chili. — This  Republic  is  the  representative  copper-pro- 
dudng  countrj-  of  South  America,  and  one  of  the  lai^est 
copper-yielding  countries  of  the  world.  Its  yearly  production 
of  fine  copper,  for  the  ten  years  ending  1866,  was  39,433  tons. 


and  for  the  ten  years  ending  1876,  43,055  tons.    The  quantity 
raised  in  1876  was  50,740  tons. 

The  deposits  lie  in  the  mountain  range  of  the  Andes,  from 
opposite  Copiapo  to  Valparaiso.'  The  strata  in  which  they 
occur  are  foliated  quartz  and  homblendic  rocks  n'ith  felspar; 
occasionally  there  is  calcareous  spar,  when  the  rocks  become 
softer.  There  are  both  lodes  and  irregularly  stratified  deposits, 
and  both  often  run  roughly  along  the  dip  of  the  beds,  which  is 
fitim  30°  to  ss"  W.  The  lodes  ramify  into  the  adjacent 
strata,  as  shown  in  fig.  63,  which  represents  a  deposit  near 
'  See  Kenwood's  Mttalliferaus  Dipositu 
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Copiapo.  The  names  of  the  different  deposits  are  those  by 
which  they  are  locally  known. 

The  lodes  are  charged  with  quartz,  hornblende,  felspar,  and 
carbonate  of  lime.  When  they  are  very  wide  they  contain 
great  masses  of  quartz.  In  the  upper  portion  these  substances 
are  mixed  with  iron  ore.  A  lode  at  Punitaque  was  worked 
successfully  for  iron  to  a  depth  of  loo  yards,  and  then  its 
metallic  contents  changed  suddenly  to  copper.  Lumps  of 
native  copper  occur  in  the  midst  of  the  earthy  brown  ore  at 
the  top,  which  are  coated  with  red  oxide,  and  earthy  black 
carbonate,  with  which  a  little  gold  is  associated.  The  ores 
change  to  sulphide  in  depth.  The  lodes  widen  out  to  12  or 
15  feet,  but  are  often  richest  when  not  so  wide.  They  are 
usually  poorest  when  the  rock  becomes  calcareous.  The 
average  quality  of  the  ores  from  1848  to  1853  was  18  per  cent 
of  copper.  Until  of  late  years  ores  under  10  per  cent,  did 
not  pay  to  work,  but  through  improved  machinery  and  appli- 
ances, ores  of  5  per  cent,  and  upwards  are  now  profitably 
worked.  Similar  strata  in  the  eastern  half  of  South  America 
are  cupriferous;  the  production  of  Brazil  for  1875  being 
estimated  at  800  tons,  and  that  of  Buenos  Ayres  at  the  same 
quantity,  of  copper.  In  the  latter  country  half  the  population 
are  said  to  be  engaged  in  mining. 

We  cross  the  Pacific  Ocean,  and  notice  lastly  the  copper 
deposits  of  Australasia. 

Australasia. — The  production  of  copper  on  this  continent 
for  1876  stood  as  follows  (for  production  in  1889  see  p.  189)  : 

Australia^  North  and  South, — 3,276  tons,  of  the  value  of 
249,978/.,  or  over  75/.  per  ton. 

Ntiv  South  Wales, — 5,225  tons  of  ore,  of  the  value  of  58,271/. 

Victoria, — 37  tons. 

The  production  of  Australia  was  only  half  in  1876  what  it 
was  in  the  previous  year. 

Deposits  of  copper  are  found  at  various  places,  and  the 
number  will  doubtless  increase  in  the  mountainous  ranges, 
from  Cape  York  on  the  north  to  the  Australian  Alps  in  Victoria 
on  the  south.      The  chief  deposits  hitherto  worked  are  in  the 

N 
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Flinders  range  of  hills,  that  run  northward  from  near  Mel- 
bourne, northwards  in  South  Australia  ;  the  two  great  copper- 
producing  regions  being  those  of  York  Peninsula  and  the 
Flinders  Range. 

The  strata  of  the  latter  hills  are  the  same  as  those  of  the 
general  section  of  Victoria,  the  central  ridge  being  the  granite. 

The  copper  ores  occiu:  in  the  overlying  schistose,  hom- 
blendic,  and  quartzoze  rocks.  They  are  found  together  with 
gold  in  places  along  the  range  for  some  hundreds  of  miles.  The 
principal  mines  are  the  Blinman,  Nuccaleena,  Yudanamutana, 
and  Sliding  Rock.  The  ore  seems  to  occur  in  irregular  beds  and 
lenticular-shaped  masses  that  lie  in  the  hollow  of  the  rocks  near 
the  surface,  the  covering,  if  there  ever  were  any,  having  been 
swept  away.  There  are  also  irregular  ramifications  of  veins. 
The  Burra  Burra  Mine,  situated  about  loo  miles  due  N.  of 
Adelaide,  has  been  of  such  commercial  importance  that  it  will 
form  a  good  example  of  the  ways  in  which  copper  ores  occur. 

Overlying  the  ancient  slaty  rocks,  but  unconformable  to 
them,  is  a  tufaceous  limestone  that  fills  up  the  depressions 
on  the  surface  and  runs  down  into  the  cracks  and  crevices  of 
the  underlying  rocks.  On  some  hills  this  tufa  is  two  or  three 
feet  thick — in  other  places  so  thin  as  merely  to  give  to  the  slaty 
rocks  the  appearance  of  having  been  used  in  buildings,  and 
having  thus  acquired  a  coating  of  mortar.  In  fact,  this  lime- 
stone very  much  resembles  old  mortar,  both  in  consistence  and 
appearance.  When  accumulated  to  any  thickness,  large  frag- 
ments of  the  underlying  rocks  are  imbedded  in  the  limestone 
Organic  remains  have  not  been  observed  in  the  limestone  of 
this  district,  but  this  does  not  prove  that  there  are  none,  and  a 
further  examination  of  it  may  reveal  some. 

In  a  depression  on  the  eastern  slope  of  a  hill  so  covered 
with  limestone  the  Burra  Burra  Mine  is  situated.  This  de- 
pression is  somewhat  triangular  in  shape — the  base  of  the 
triangle  near  to,  and  parallel  lo,  the  ridge  of  the  hill ;  the  other 
sides  much  shorter,  curved,  and  terminating  below  in  a  rocky 
creek,  by  which  the  waters  of  the  mine  are  conveyed  to  the 
main  creek.    This  depression  is  about  half  a  mile  long,  and 
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300  yards  wide  in  its  broadest  part,  and  is  entirely  covered 
with  shafts  and  machinery  for  the  raising  of  the  ore,  and  crush- 
ing it,  and  two  powerful  steam  engines  for  pumping  the  water 
from  the  workings. 

In  the  deeper  levels  regular  lodes  are  met  with,  running 
north  and  south,  and  containing  very  rich  ore  of  malachite, 
red  oxide,  and  grey  sulphuret  of  copper ;  but  above  the  30 
&thom  level  there  is  no  appearance  of  lodes,  the  ores  (mala- 
chite and  blue  carbonate)  being  deposited  with  the  greatest 
irregularity  in  the  soil,  the  limestone,  and  the  harder  rocks. 
These  last  mentioned  ores  are  of  great  beauty.  The  blue 
carbonate  often  occurs  in  round  nodules,  with  crystals  of  the 
greatest  regularity  projecting  from  the  surface.  There  can,  I 
think,  be  no  doubt  but  that  the  malachite  is  an  aqueous  deposit 
It  is  found  in  the  form  of  stalactite,  of  slabs  incrusting  fissiures, 
and  of  irregular-shaped  hollow  masses  which  have  been  de- 
posited in  cavities  of  the  rock. 

The  Blinman  Mine  may  be  taken  as  another  example. 
There  is  a  mass  of  calcareous  sandstone,  which  in  depth  be- 
comes silicious.  This  sandstone  is  interspersed  throughout  with 
specks,  patches,  and  strings  of  copper.  It  is  also  traversed  by 
numerous  veins  containing  copper  ore,  which  coalesce,  diverge, 
and  form  floors  of  ore  6  to  3  inches  in  width.  The  ore  in  the 
silicious  sandstone  consists  of  chiysocolla,  malachite,  and  red 
oxide  J  but  when,  at  a  depth  of  about  250  feet,  the  sandstone 
becomes  more  silicious,  the  ore  changes  to  a  high  quality  copper 
pyrites.  The  ore  is  mixed  with  much  iron.  Its  quality  varies 
from  10  to  50  per  cent,  and  it  contains  lumps  of  native  copper 
assaying  as  much  as  80  per  cent 

An  important  lode  or  deposit  of  copper  is  found  in  dioritic 
rocks  on  the  Thomson  river,  about  five  miles  south  of  Stringer's 
Creek.  This  deposit  is  described  as  30  feet  wide,  and  consists 
chiefly  of  pyrites,  with  some  carbonates  and  sulphurets.  These 
lie  in  ferruginous  quartz.  Its  direction  is  N.  15°  W.,  and  its 
underlie  is  only  20''  from  the  horizon,  and  it  is  possible  that  it 
is  after  all  a  mineralised  bed,  or  senes  of  beds,  like  others  we 
have  noticed. 

N  a 
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In  New  South  Wales  the  ore  raised  is  chiefly  a  sulphide, 
which  occurs  in  lodes,  the  surface  portion  of  which  are  filled 
with  gossan.  A  lode  worked  at  the  Snowball  Mine,  between 
Gundagar  and  Adelong,  is  8  feet  thick,  and  is  traceable  on  the 
surface  by  the  gossan  for  i,ooo  feet.  The  ore  stuff  of  this 
lode  consists  of  various  qualities  of  poor  yellow  oxide,  assays 
giving  7^  per  cent,  yellow  oxide  with  litde  steel  grains  19^  per 
cent,  black-coated  yellow  oxide  22 J  per  cent.,  and  blue  and 
green  carbonates  22|  per  cent 

Japan.* — We  may  complete  this  journey  round  the  world 
by  observing  that  there  are  numerous  copper-bearing  lodes  in 
Japan.  The  production  is  estimated  at  3,000  tons  yearly,  and 
the  number  of  mines  is  over  200.  The  most  important  mines 
are  worked  in  the  northern  part  of  Nippon,  in  the  province  of 
Rikuchu,  and  in  the  island  of  Shikoku.  The  common  ore  is 
copper  pyrites,  but  the  variegated  and  grey  copper  ores  are  also 
found,  native  copper  and  the  black  oxide  being  rarely  met 
with.  The  ores  occur  associated  with  iron  pyrites  and  galena 
in  quartz  clay  and  fragments  of  the  adjoining  rock,  that  alto- 
gether fill  nearly  perpendicular  lodes  that  traverse  fine-grained 
porphyritic  greenstone  and  altered  slate  rocks.  The  lodes  vary 
from  a  few  inches  to  three  feet  wide,  one  foot  being  the  average. 
They  have  a  general  east  and  west  direction,  and  are  most  pro- 
ductive in  the  porphyritic  greenstone,  having  a  tendency  to 
thin  out  in  the  slaty  rock.  Lead  is  most  abundant  in  the  lodes 
running  due  east  and  west  The  production  of  copper  in  1889 
was  13,183  tons,  and  of  lead  390*6. 

In  the  province  of  lyo,  at  the  Besohi  Mine,  there  is  a  strati- 
fied deposit,  consisting  of  massive  copper  and  iron  pyrites,  with 
small  quantities  of  quartz ;  this  mineralised  bed  is  from  i  to 
10  feet  thick,  and  occiurs  in  the  midst  of  clay  slate,  mica,  schist, 
gneissic  and  quartzose  rocks,  which  range  NW.  and  SE., 
dipping  at  50°  to  NE.  The  bed  has  been  worked  a  length  of 
about  2,400  feet,  and  to  a  depth  of  1,400  feet  A  similar  de- 
posit is  worked  at  the  Tanokuchi  Mine,  in  the  province  of 
Tosa,  at  the  junction  of  clay  slate  and  diorite. 

*  Godfrey,  'Geology  of  Japan,'  QuarUrfy  Jottmal  GeologiccU Socidy^ 
August  1878. 
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Reviewing  the  foregoing  description  of  the  copper  deposits 
of  the  world,  it  will  be  seen  that,  with  trifling  exceptions,  they 
lie  in  three  well-defined  stratigraphical  zones.  First,  near  the 
summit  of  the  Lower  Cambrian  strata,  just  underneath  the 
Lingula  flags;  secondly,  near  the  base  of  the  Carboniferous 
limestone;  and,  thirdly,  in  the  sandstones  of  the  Upper 
Permian  and  lower  half  of  the  Triassic  strata  ;  the  exceptions 
being  the  deposits  of  the  Banat,  of  whose  precise  age  we  are 
doubtful;  not  knowing  whether  they  belong  most  to  the  older 
eruptive  rocks  or  to  the  newer  Jurassic  strata,  and  also  the  de- 
posits of  the  Mouzia  Pass  in  Algiers,  concerning  which  we  need 
more  specific  information.  The  largest  and  most  successful 
copper  mines  in  the  world  are  worked  in  the  deposits  on  the 
first  or  lowest  zone. 

It  will  also  have  been  observed  how  universally  loose- 
grained  dioritic,  hornblendic,  and  felspathic  rocks,  with  masses 
of  loose  drusy  quartz,  are  associated  with  productive  copper 
beds,  and  how  seldom  the  mineral  is  found  in  workable  form 
in  simple  clay  slate,  or  in  massive  compact  quartzites  or  green- 
stone. In  Norway  and  Sweden  important  lodes  traverse 
gneissic  rocks  of  average  texture,  the  coarse  and  fine  com- 
pact varieties  of  the  rock  being  unproductive  of  copper  ores. 
Further,  it  will  be  seen  how  the  mineral,  which  was  originally 
spread  throughout  a  bed  or  series  of  beds,  is  gathered  in  a 
concentrated  form  in  the  cracks  by  which  the  strata  have  sub- 
sequently intersected;  and,  finally,  it  will  have  been  noticed 
how,  when  such  cracks  run  up  into  the  overlying  Arenig  and 
Llandeilo  beds,  copper  ores  become  more  scarce  as  they  ascend, 
as  in  the  lodes  of  Carnarvonshire. 

Production  and  Export  of  Copper  and  Copper  Ore  from 
Australasia  in  1889.    (Total,  ;f 516,308). 


Colony 

Tons 

Value 

New  South  Wales,  copper  ingots  exported 
,,      copper  ore  and  regulus    ,, 

3.984) 

198  r 

;C206,64I 

New  Zealand,  copper  ore  produced  . 

Queensland,           ,,               ,, 

1,079 

12,000 

S.  Australia,          ,,          exported   . 

17,730 

82,355 

,,           copper  exported   . 

4,009 

,      4^'J^.'^^^     \ 

Tasmania,  copper  ore  produced 

I               ^^ 

\               ^«^ 

Victoria,            „               „               .         . 

\           ^7S 

\         \ns 

1  W.  Australia,    „          exported 

\                \\2, 

\          ^.SF^ 
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CHAPTER  XX. 

TIN. 

Geneiftl  Description — Modes  of  Occurrence — Alluviftl  Mining  in  Bauca^ 
In  the  Malay  Peninsula — Tin  Ore  Deposits  of  Bohemia  and  Saxony^ 
France  and  Sweden — Spain. 

It  is  difficult  to  overestimate  the  value  of  this  metal  in  the 
ordinary  uses  of  life.  To  Britons  it  has  especial  interest  from 
its  ancient  historical  associations,  carrying  us  back  as  it  does 
in  thought  to  the  time  between  four  and  five  hundred  years  be- 
fore the  Christian  era,  when  traders  fi-om  the  East  visited  the 
ancient  Comubia,  as  Cornwall,  from  its  horn  shap>ey  was  called, 
to  purchase  tin  of  the  natives.  The  metal  is  white  in  colour, 
malleable,  but  less  so  than  copper,  and  is  capable  of  receiving 
a  high  polish. 

It  is  an  unsettled  point  whether  tin  occurs  in  nature  in  a 
native  form.  It  is  reported  as  being  foimd  native  as  grains  in 
the  gold  washings  of  the  Ural,  but  some  authors  question  the 
fact     Its  ores  are  : 

Cassiterite  (Tin  Ore,  Oxide  of  Itn), — Hardness  =  6  to  7  ; 
gravity,  6*8  to  7  ;  chemical  composition  :  tin,  78-38,  oxygen, 
21*62,  but  one  or  other  of  these  elements  is  sometimes  displaced 
by  iron,  manganese,  tantalic  acid,  or  silica.  Colour  white,  but 
usually  grey,  and  sometimes  red,  yellow,  brown,  and  black,  with 
a  resinous,  semi-metallic  lustre.  This  ore  has  a  variety  named 
sttinrUte^  which  has  only  36*5  of  tin  oxide,  with  alumina  and 
silica. 

Tin  Pyrites  {Sulphide  of  Tin), — A  rare  ore,  called  in  Corn- 
wall, where  alone  it  is  said  to  be  found,  bell  metal.  Chemical 
composition  :  tin,  27,  sulphur,  30,  copper,  30,  iron,  13. 
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In  woi^ble  quantities  it  is  far  less  universally  distributed, 
geographically,  than  the  metals  we  have  already  considefed, 
and  hence  the  localities  we  shall  have  to  notice  will  be  very 
much  fewer.  Like  gold  it  occurs  both  in  rocks  and  also  in 
alluvial  deposits  formed  by  the  wearing  down  of  its  containing 
strata.  We  will  begin  our  notice  of  its  distribution,  and  the 
modes  of  its  occurrence  in  nature,  in  the  far  East 

Banca.1 — Tin  is  found  to  a  limited  extent  in  China,  and  in 
several  of  the  islands  of  the  Malay  Archipelago,  but  it  is  worked 
to  the  greatest  extent  in  the  island  of  Banca,  in  the  superficial 
drift  of  which  tin  was  discovered  in  the  year  1710.  So  far  the 
tin  has  been  derived  exclusively  Irom  these  deposits,  and  the 
position  in  which  it  is  found  is  shown  in  fig.  64. 


Bad  of  lin  ore,  j  f«M 


The  mining,  or  excavation,  ts  of  the  simplest  kind,  and  the 
manner  of  working  will  be  described  further  on. 

The  tin  ore  is  accompanied  with  fragments  of  the  rock  from 
which  it  was  originally  derived.  This  is  granite,  with  a  large 
admixture  of  schorl  and  sandstone.  The  alluvial  tin  is  very 
pure,  as  the  following  analysis  will  show  : 

Tin 99'96i 

Iron 00-019 

LiCad 00-014 

Copper 00-006 

tOO-DOO 

Both  in  Banca  and  on  the  island  of  Billiton  the  allunal  tin 
'  Sangta  Beichraien  in  Rdilegnt,  door  P.  Van  DiesI,  Mijn-Irgenienr, 
1865.     (English  Traoilaiion  by  Dr.  C.  Le  Neve  Fosier,  Truio,  1867.) 
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haa  been  traced  to  its  source  in  the  parent  rocks  forming  the 
hilly  country.  The  central  rock  is  granite,  covered  by  quartzites, 
altered  sandstooes,  and  slaty  rocks.  Quartz  veins,  containing 
mica,  also  traverse  the  granite  and  the  immediately  overlying 
rocks,  and  these  contain  varying  proportions  of  tin,  wolfram, 
and  manganese.  Large  lumps  of  tin  ore,  averaging  40  per  cent, 
also  occur,  weighing  from  100  to  140  lbs.  The  altered  sandstone, 
just  above  the  granite,  is  the  most  productive  rock,  and  it  is 
traversed  tn  all  directions  by  thin  veins  of  tourmaline,  and  of 
day  containing  tourmaline.  Tin  occurs  in  the  granite,  and  in 
the  rocks  overlying  it,  over  a  large  extent  of  Northern  Banca. 
It  occurs  in  small  veins  and  bunches  in  the  joints  and  along  the 
planes  of  bedding.  Hitherto  no  profitable  tin  mining  in  the 
solid  rock  has  been  made  in   the  island.     In  the  Malayan 
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Peninsula,  tin  diggings  have  been  worked  by  the  Chinese  since 
the  year  1793.  The  mines  are  swampy  fl^  at  the  base  of  the 
hills.  The  ore  seems  to  follow  depressions  in  the  drift  for 
several  miles  in  length,  and  these  are  known  as  streams  of 
ore.  The  tin  derived  from  this  eastern  region  is  known 
in  commerce  as  'Banca,'  'Straits,'  and  'Billiton,'  The  pro- 
duction in  1876,  according  to  the  sales  in  Batavia,  was  17,685 
tons. 

Austria. — A  little  ore  has  been  found  in  the  districts  of 
Penonta  and  Romilo,  in  the  provinces  of  Orense  and  Ponde- 
vedra,  in  Gallicla.  The  ore  occurs  near  the  junction  of  granite 
with  micaceous  and  homblendic  slates. 

Bohemia. — The  great  deposits  of  tin  lie  in  the  Erzge- 
birge  range  of  mountains,  whose  geolc^cal  structure  I  have 
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already  described.     One  of  these,  the  Zinwald,' 
Bohemia. 

Fig.  65  is  a  diagram  section  through  the  rocks  in  which  thii 
deposit  lies. 

The  granite,  r,  is  overlaid  on  all  sides  by  porphyritic  rock,  3. 
In  the  granite  are  roughly  bedded  layers,  333,  consisting  of 
quartz  mica  and  ox'de  of  t'n  mxed  with  other  minerals. 
These  lajers  seem  to  converge  towards  the  centre  of  the  mass, 


and  in  places,  as  at  a,  the  mass  of  the  rock  is  richly  impreg- 
nated with  tin  ore. 

Germany  :  Saximj: — On  the  Saxon  side  of  the  Erzgebirge, 
or  near  the  boundary  between  the  two  countries,  are  other  im- 
portant [in  sloclcwerks,  two  of  which  I  will  describe. 

Fig.  66  is  a  section  through  the  strata,  in  which  the  Stock- 
werk  of  Altenberg'  is  worked,  i  is  a  mass  of  porphyritic 
granite,  in  which  the  crystals  of  felspar  are  very  large.  3  is  a 
mass  of  fine  porphyritic  rock,  of  a  dark  grey  colour,  passing  in 
places  to  a  reddish  grey,  and  more  rarely  into  a  clear  grey 
colour.  The  structure  is  not  the  same  throughout,  quartz  being 
present  in  places.     The  mass  is  about  400  yards  long  by  300 

'  Weissenbach,  Mtrkuiiirdi^  Gangvtrh&linita ;  D'AubissondeVoisiiis, 
Trail/ dt  Chgnosie. 

'  D'Aubisson  de  Voisios,  Trail/  dt  C/egneiit. 
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yards  wide.  3  is  a  mass  of  syenitic  porphyry,  varying  in  colour 
from  a  light  to  a  brown  red,  which  contains  numerous  crystals 
of  hornblende,  and  in  places  groups  of  crystals  and  grains  of 
quartz.  4  is  a  variety  of  porphyry  that  approaches  more  nearly 
in  com|>osition  to  the  central  mass  2. 

The  whole  of  tliese  buds  are  traversed  by  a  network  of  fine 
flexuoHS  veins,  which  vary  from  one  to  several  feet  in  width; 
and  these  arc  lut  nearly  vertically  through  by  a  larger  and  more 
recent  fissure  a  (fig,  67),  which  is  partly  filled  with  the  dibris 
of  the  enclosing  strata  set  in  a  matrix  of  ferruginous  clay. 

The  network  of  veins  are  also  filled  in  like  manner,  and  all, 
through  their  course  in  the  rock  2,  are  more  or  less  chai^ged 
with  tin.  Those  that  have  a  direct  east  and  west  direction  are 
richest     The  same  is  true  of  the  points  of  intersection.     The 


tin  also  penetrates  the  adjoining  rock  to  a  distance  of  several 
feet  Indeed,  the  whole  mass  2  is  impregnated  with  tin,  es- 
pecially where  quartz  prevails.  This  is  also  true  of  the  rock  4, 
and  to  a  less  extent  of  the  rock  3. 

The  lodes  are  productive  in  the  rock  2,  but  lose  their  tin  as 
they  enter  the  porphyritic  granite  i,  on  the  one  side,  and  the 
syenitic  rock  3  on  the  other.  They  regain  their  metallic  con- 
tents to  some  degree  in  the  rock  4,  in  the  parts  where  quartz 
enters  into  its  composition. 

Another  important  tin  stockwerk  of  the  Erzgebirge  is  that 
of  Geyer.'     It  lies  on  a  circular  truncated  mass  of  fine-grained 

'   D'AubUson  de  Voisins,  Traill  de  GU^nosit. 
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mica:eous  granite,  i,  fig.  67,  which  is  covered  on  all  sides  by  a 
gneissic  rock,  3.  The  granite  graduates  into  the  gneiss, and  the 
junction  forms  a  circular  belt  of  stanniferous  rock,  2,  which 
forms  the  slockwerk. 

This  belt,  2,  forms  a  granite  different  from  the  centre  mass,  i. 
The  quartz  and  felspar  are  formed  of  fragments  from  two  to  six 
inches  long,  and  from  a  quarter  of  an  inch  to  two  inches  thick. 
Red  felspar  predominates  The  quartz  is  splmtery,  crystallme, 
and  compact,  and  sometimes  occupies  large  spaces.  Mica  is 
also  present  in  nests  and  fragments 

The  whole  mass  is 


traversed  by  vertical 
veins  and  honzontal 
layers  chaiged  with 
tin.  The  veins  are  of  | 
variable  width,  and 
the  thinnest  do  not 
extend  far,  rarelj 
passing  beyond  the 
granite.  Thestrongest 
are  most  regular  and 
persistent,  and  pass 
into  the  granite,  and 
also  into  the  sur- 
rounding gneiss.  As 
a  matter  of  observa- 
tion it  is  found  that 
the  true  east  and  west 
veins  are  richest  in 
tin,  and  the  points  of  p     ^  _^ 

the  intersection  of  the      c«ktrai.  vbins  and  dmomfosbd  rockonuthm 
veins  are  productive 

of  the  mineral.     The  granite  itself  is  impregnated  with  tin,  but 
cont^s  the  least  where  the  veins  are  less  frequent. 

In  quarrying  the  mass  the  veins  show  for  the  most  part  a 
parallel  vertical  appearance.  Their  intimate  structure  is  shown 
mtne  minutely  in  fig.  68.    The  centie  of  the  vein  is  mostly 
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filled  with  quartz,  and  fragments  of  the  adjoining  rock  with  tin 
ore.  The  dark  shading  shows  how  the  rock  has  become  partly 
decomposed  and  recrystallised  for  some  distance  on  either 
side,  and  this  portion  adjacent  to  the  vein  is  interspersed  with 
grains  of  ore.  The  veins  in  the  figure  lie  about  fifteen  inches 
apart  The  deposit  has  been  worked  to  a  depth  of  between 
400  and  500  feet. 

The  annual  production  of  tin  in  Austria  and  Germany  is 
estimated  at  not  more  than  200  tons;  but  the  deposits  have 
more  scientific  than  commercial  importance. 

France. — There  are  the  traces  of  ancient  tin  mines  and 
detrital  tin  works  in  the  neighbourhood  of  Auvergne,  in  the 
southern  part  of  Central  France.*  Attempts  have  been  recently 
made  to  revive  this  branch  of  mining  industry  in  the  region. 
These  so  far  have  been  unsuccessful,  but  a  brief  notice  of  the 
district  will  be  useful  for  comparison.  There  are  great  masses 
of  granite  of  two  kinds,  the  oldest  of  which  has  its  mica  all 
black,  the  newest  has  both  black  and  white  mica.  Against 
these  erupted  granites  lie,  first  crystalline  schists,  next  gneiss, 
and  then  mica  slate.  The  whole  series  with  the  granites  is 
traversed  by  veins  or  lodes.  Tin  ore,  when  found,  usually  lies 
on  the  sides  of  the  veins,  and  the  granite  is  often,  for  some 
distance  firom  the  crack,  decomposed,  the  felspar  having  given 
place  to  day.  With  the  rin  ore  in  the  lodes  there  are  associated 
wolfiram,  mispickel,  native  copper,  arseniate  of  iron,  fluorspar, 
sulphate  of  barytes,  more  rarely  phosphate  of  lime,  and  more 
rarely  still  grains  of  gold.  Detrital  tin  has  been  worked  in  the 
gravels  overlying  the  granites. 

Sweden. — ^This  country  produces  about  200  tons  of  tin 
ore  yearly,  but  we  lack  information  concerning  the  character  of 
the  deposits,  and  pass  at  once  to  consider  the  tin  mines  and 
deposits  of  the  British  Isles. 

Finland  produced  ii  tons  of  tin  in  1889. 

Spain.' — In  the  year  1890  I  had  an  opportunity  of  visiting 
the  tin  deposits  worked  near  the  town  of  Zamora,  in  the  pro- 

'  Ann.  des  Mtms,  6*  s^rie,  5*  liv. — Mallard,  *  Note  sur  les  Giscments 
du  Limousin  et  de  la  Marche.*  '  Note  by  E.  H.  D. 
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vince  of  the  same  name.  The  first  deposit  I  visited  was  of 
alluvial  tin,  and  was  situated  at  a  spot  near  the  north  bank  of 
the  river  Douro,  half-way  between  the  town  of  Zamora  and  the 
point  where  the  river  crosses  the  Portuguese  frontier,  but  at  a 
considerable  elevation  above  the  river,  and  near  a  village  called 
Almarez.  The  peasants  of  the  district  collect  the  pebbles  of 
black  tin  from  the  surface  of  the  newly-ploughed  fields  and 
smelt  them  in  a  primitive  furnace  in  the  village. 

The  description  given  of  the  stockwerk  of  Geyer  on  page 
186  would  almost  exactly  apply  to  this  deposit.  The  soil  of 
the  fields  is  formed  of  a  light  grey  decomposed  porphyry,  con- 
taining on  the  surface  scattered  pebbles  of  tin,  which  seem, 
further  down,  to  have  formed  a  network  of  fine  lines  of  tin 
ore  running  in  all  directions  through  the  fine  porphyrite  rocL 
I  have  no  doubt  but  that  if  the  whole  mas^  could  be  cheaply 
quarried  and  concentrated  the  results  would  be  profitable. 
The  surface,  however,  is  so  divided  into  small  properties  that  it 
is  almost  impossible  to  get  hold  of  a  sufficient  area  to  permit 
of  mining  upon  an  extensive  scale.  The  dyke  of  porphyry 
runs  N.N.W.  and  E.S.E.,  and  is  bounded  by  dioritic  and  granitic 
rocks.  The  peasants  dig  up  the  soil  and  carry  it  on  the  backs 
of  mules  to  a  small  stream,  where,  when  there  is  a  sufficient 
supply  of  water,  it  is  washed  in  a  most  primitive  fashion  by 
women,  and  from  every  100  lbs.  of  concentrates  thus  obtained 
50  lbs.  of  pure  metal  are  afterwards  extracted  by  the  village 
smith. 

Further  north,  and  still  following  the  river  Douro  towards 
the  Portuguese  frontier,  a  quartz  lode  running  N.W.  and  S.E., 
with  a  dip  of  78°  to  the  S.W.,  has  been  worked  on  a  small  scale 
for  tin.  The  lode  traverses  beds  of  micaceous  schists,  and 
towards  the  N.W.  enters  into  granite,  where  it  has  not  been 
followed.  When  I  visited  the  mine  it  was  not  at  work,  but  I 
noticed  that  a  considerable  quantity  of  quartz  had  been  spalled 
and  the  rich  tin  picked  out,  leaving  the  second  quality  ore 
behind. 

Following  the  valley  of  the  Douro  until  it  reaches  the  Por- 
tuguese frontier,  we  come  to  a  tin  mine  near  the  village  of 
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Akanices,  from  which  it  takes  its  name.  This  mine  was  at 
work  in  a  small  way  when  I  visited  it  Some  alluvial  tin  was 
being  obtained,  and  in  the  shaft,  which  was  sunk  through 
micaceous  schists,  levels  were  being  driven  with  a  view  to 
finding  the  junction  of  several  of  the  small  veins  amongst 
which  the  tin  ore  was  disseminated,  and  which  of  themselves 
were  too  thin  to  be  workable  to  advantage. 


I 
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and  the  charter  gave  the  right  to  each  tinner  to  sell  his  own  tin, 
unless  the  king  wished  to  buy ;  also  the  right  of  cutting  turf  on 
the  king's  lands  for  smelting.  For  these  privileges  the  tinners 
were  to  pay  a  duty  of  one  halfpenny  for  every  pound  of  tin 
manufactured.  To  secure  the  payment  of  the  duty,  all  tin  was 
to  be  brought  to  certain  towns  at  Midsummer  and  Michaelmas 
to  be  weighed,  and  kept  until  the  duty  was  paid. 

In  the  reign  of  Henry  VII.  his  son  Arthur  made  some  ob- 
noxious regulations  for  the  Stannaries,  which  the  tinners  refused 
to  obey,  and  which  provoked  them  to  breaches  of  the  law.  On 
the  death  of  his  son,  the  king  made  this  conduct  an  excuse  for 
cancelling  the  charter,  and  for  taking  the  mines  into  his  own 
hands. 

Not  finding  mining  profitable,  he  gave  the  mines  back  to 
the  tinners,  with  the  further  important  concession  that  no  law 
relating  to  the  tinners  should  be  enacted  without  the  consent 
of  twenty-four  gentlemen — tinners — six  to  be  chosen  by  a 
mayor  and  council  in  each  of  the  four  Stannary  divisions. 

In  the  time  of  Elizabeth  the  production  was  about  700  tons 
a  year,  and  the  price  from  45/.  to  50/.  per  ton.  In  the  reign  of 
James  I.  the  make  of  block  tin  in  Cornwall  amounted  to  about 
1,500  tons  a  year.  The  production  was  about  the  same  in  the 
time  of  George  I.  About  the  year  1742  it  had  increased  to 
2,000  tons,  and  from  1750  to  1778,  the  production  w^as  esti- 
mated at  3,000  tons  a  year.^ 

The  total  production  of  tin  ore  in  Cornwall  and  part  of 
Devon  for  the  year  1890  was  14,911  tons,  of  the  value  of 
782,492/.,  and  equal  to  9,602  tons  metallic  tin. 

The  production  for  the  previous  year  was  13,809  tons 
4  cwt.  o  qrs.  o  lbs.,  of  the  value  of  729,213/.  The  value  of 
the  metallic  tin  obtained  in  1890,  according  to  the  mean 
of  monthly  prices  of  English  block  tin  in  the  London  market 
for  the  year,  was  937,760/ 

The  ore  was  derived  from  73  mines,  inclusive  of  19  stream 
works.  Of  this  number,  68  mines  proper  were  situated  in 
Cornwall,  and  5  in  Devon.     The  Cornish  mines  produced 

*  William  Pryce,  Mineralogia  Comubiensis, 
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12,944  tons  of  ore,  and  the  greater  number  were  situated  in  the 
western  half  of  the  county.  The  mineral  results  thus  agree  with 
the  general  description  of  the  characteristic  mineral  features  of 
the  county  given  in  the  description  of  its  copper  deposits.  In 
1879  the  production  of  tin  ore  (black  tin)  was  14,280  tons  8  cwt 

The  tin  deposits  of  Cornwall  have  been  described  by  many 
able  observers,*  and  all  the  works  mentioned  in  the  note  below 
are  full  of  information  concerning  them. 

One  of  the  latest  observers  is  Dr.  Clement  Le  Neve  Foster, 
F.G.S.,  one  of  H.M.'s  Inspectors  of  Mines.  In  the  course  of 
his  official  duties,  Dr.  Foster  has  had  many  opportunities  of 
studying  the  characteristics  of  and  acquiring  inf6nnation  con- 
cerning the  lodes  of  Cornwall.  The  observation  of  these  cha- 
racteristics has  accorded  with  his  tastes,  and  he  has  brought  to 
the  work  the  ability  resulting  from  culture  and  practice.  I  do 
not  think,  therefore,  that  I  can  do  better  than  avail  myself  of 
his  generous  permission  to  use  his  descriptions  and  illustrations 
of  the  tin  lodes  of  Cornwall  which  have  appeared  in  several 
of  his  communications  to  learned  societies. 

Let  us  begin  by  noticing  the  structure  and  character  of  the 
Great  Flat  Lode^  south  of  Redruth  and  Camborne. 

This  lode  extends  from  the  Perseverance  Mine  on  the  east 
to  South  Tolcarne  on  the  west,  and  runs  along  the  south  side 
of  the  granite  mass  of  Cam  Brea. 

Fig.  69,  prepared  by  Dr.  Foster'  and  Mr.  Thomas  B.  Provis, 
affords  a  plan  of  the  mines  wrought  upon  it,  and  a  section  oif 
their  workings. 

The  dip  of  the  lode  is  much  flatter  about  30  to  50**  south 
than  the  average  dip  of  the  tin  lodes  of  Cornwall,  which  is 
about  70**  from  the  horizon.  It  also  varies  in  width,  structure, 
and  character,  as  the  following  illustrations  from  observations 
by  Dr.  Foster  will  show  : 

*  Pryce,  Mineralogia  Comttbitnsis ;  De  la  B^che,  Report  on  Devon  and 
Cornwall;  Fox,    On  Mineral  Veins ;   Henwood,  Came,  and  others,  in. 
Transactions  of  the  Royal  Geological  Society  of  Cornwall ;  Moissenet,  On 
the  Lodes  of  Cornwall ;  Salmon,  in  Mining  and  Smelting  Magptdne,  &C 

'  Quarterly  Journal  of  the  Geological  SocietVt  August  1878. 

O 
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Fig.  70  is  a  section  of  the  lode  at  Wheal  Uny  Mine,  in  a 
fltope  above  the  no  fathoms  level. 

A  is  the  leader,  or  original  crack,  ftom  2  to  10  inches  wide, 
which  is  filled  by  fragments  of  chloritic  slate,  cemented  by 
quartz  and  iron  pyrites.     B  B  is  a  variable  thickness  of  fine- 


>"r^, 


Fra.  Ta-StcnoH  »t  Wheal  Uky, 

gnined  or  compact  schorl  rock,  with  strings  and  Spots  of  quartz 
and  dn  ore ;  h  is  a  clay  vein,  containing  a  little  quartz  and  iron 
pyrites ;  c  is  similar  to  B,  and  contdns  4  inches  of  tinstone  under 
the  leader  i.    E  and  E  are  capels  consisting  of  compact  schorl 


tock,  the  upper  one  showing  the  material  arranged  in  layers ; 
o  granite ;  p  IciUas,  or  slaty  rock.  The  lode  at  this  point  lay, 
it  wiU  be  seen,  between  the  granite  below  and  the  killas  above, 
into  each  of  which  it  gradually  passed  without  any  dividing  wall 
from  the  central  leader  or  crack.    Fig.  7 1  represents  the  structure 
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of  the  lode  at  West  Wheal  Basset  Mine,  at  a  depth  of  104 
fathoms. 

A  is  the  leader,  2  to  3  inches  thick,  filled  with  fragments  of 
capel ;  b  b  consists  of  stanniferous  schorl  lock  of  bluish  giey 
colour,  passing  into  cc,  an  unproductive  schorl  rock  (capel), 

A--ifooc 


Fio.  7L— Sbctioh 


with  large  grains  of  quartz  set  in  a  black  matrix,  a  kind  of  rock 
always,  unproductive.  The  combined  thickness  of  b  and  c 
above  the  leader  is  9  feet,  and  6  feet  below  it    The  unpro- 


^<i"°r-/i,',>jSA^ 


ductive  rock  passes  gradually  into  the  granite  g  G,  which  here 
encloses  the  lode  on  both  sides.  Another  variation  in  the 
structure  of  the  same  lode  is  seen  at  South  Condurrow  Mine,  as 
represented  in  fig-  72. 

A  is  the  leader,  filled  with  clay,  much  quartz,  and  oxide  of  iron, 
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and  fragments  of  the  adjacent  rock  ;  b  is  the  tin-bearmg  rock, 
about  5  feet  thick,  consisting  of  compact  stanniferous  schori 
rock,  black  and  slaty  in  colour,  traversed  by  numerous  quartz 
veins  of  all  sizes  up  to  2  or  3  inches  wide,  and  litde  cross  veins 
besides  vertical  joints  filled  with  iron  pyrites.  This  passes  into 
c  c,  compact  schorl  rock  (capel) ;  with  veins  and  spots  of 
quartz,  and  little  or  no  tin,  it  fades  into  the  granite  g  g.  At 
South  Cam  Brea,  at  a  depth  of  175  fathoms,  the  leader,  which 
there  was  from  2  to  4  feet  wide,  was  charged  with  copper  ore. 
Here  it  lay  between  the  granite  below  and  killas  above.  In 
places,  as  at  West  Wheal  Basset,  the  whole  of  the  schorlaceous 
rock,  capel  included,  is  stanniferous,  and  expands  to  a  width  of 
about  50  feet  Fig.  73  shows  another  variation  of  the  lode  at 
South  Condurrow. 

The  whole  of  the  stanniferous  portion  of  the  lode  is  taken 
out,  and  the  following  figures  will  show  the  proportion  of  tin 
stufif  and  clean  tin  ore  produced  in  1876  by  six  of  the  mines  on 
the  lode : 


Name  ci  Mine 


Wheal  Uny    .... 
South  Cam  Brea 
West  Basset    .        .        .        . 
West  Wheal  Frances 
South  Condurrow   . 
Wheal  Grenville     . 

Total  . 


Tin  ftuff 


Tons 
17,702 

2,040 
29,144 

6,652 

19.414 
8,500 


83.452 


Qean  da  on 


Tons 

349 
30 
618 
123 
588 
138 


1,846 


The  clean  tin  ore  was  therefore  about  2^  per  cent,  of  the 
ore  raised,  and  the  lode  altogether  yielded  over  one-eighth  of 
the  total  quantity  raised  in  Cornwall 

We  will  next  take  a  few  illustrations  of  the  structure  of  other 
tin  lodes  in  the  county. 

Fig.  74  represents  a  plan  of  a  pipe  of  ore  at  East  Wheal 
Lovell  Mine,  near  Redruth. 

A  B  is  the  original  crack  or  leader,  from  a  quarter  to  half  an 
inch  thick,  filled  with  quartz  and  ferruginous  clay ;  c  c  shows  the 
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tinny  mass  that  gradually  passes  into  the  granite  dd.  The 
granite  D  contains  large  crystals  of  orthoclase.  The  tinny  mass 
c  c  is  made  up  of  a  mixture  of  quartz,  mica,  gilbertite,  fluorspar, 
iron  and  copper  pyrites,  and  !•'••, ibt. 

cassitente,  or  tinstone.  Some- 
times the  tin  ore  inclines  more 
to  one  side  and  again  to  the 
Other.  This  pipe  of  ore  varies 
in  length  from  12  to  36  feet, 
and  in  breadth  from  9  to  12 
feet  It  has  been  followed 
down  from  the  40-falhom  level 
to  the  no  as  one  continuous 
pipe.  In  places,  when  tin  was 
selling  at  80/.  per  ton,  it  was 
worth  from  800/.  to  1,000/.  per 
&thom,  and  generally  gave 
from  s  to  6  tons  per  cubic 
fathom. 

The  East  Wheal  Lovell 
lode  occurs  in  granite,  but  the 
next  illustnition,  fig.  75,  shows 
the  occurrence  of  tin  ore  along 
the  lines  of  bedding  of  slates 
at  the  Park  of  Mines,  south  of 
Sl  Columb.  The  slates  lie, 
however,  in  proximity  to  the 
great  granitic  mass  north  of 
Sl  AustelL 

The  slates  dip  at  an  angle 
of  70  degrees  to  the  north,  and 

....  r    FlC  74.  -  PLAH  OF  LODI  AT  Ejut  Whul 

numerous  lenticular  masses  of  '^     "^  loveu.  Mini,  Rukuth. 

tin  stone  occur  along  the  lines  a»,  Tin  i«fe.  cc,  Grau^impngnrnm 

of  bedding.    There  are  also  "" 

thin  veins  of  one  to  two  inches,  containing  tinstone  crossing 

these  deposits.    The  bedded  tinstones  range  from  one  to  two 

inches  thick,  occasionally  expanding  to  a  thickness  of  one  foot 
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They  run  about  7  fathoms  fioin  north  to  south,  and  about  10 
fiitboms  down  the  dip.  The  tin  ore  is  associated  with  quartz, 
scboil,  and  kaolin. 

The  granitic  mass  of  Cligga  Point  will  furnish  us  with  a  C  fi- 
nish equivalent  of  the  stockwerk  of  Geyer.  This  mass  is  about 
300  feet  high,  and  it  is  traversed  by  a  great  number  of  nearly 
parallel  veins,  as  shown  in  fig.  76,  which  also  affords  a  nice 
iUiistration  of  lodes  displaced  by  a  fault. 

The  veins    dip   north  at 

_^  angles  fi'om  65  to  80  degrees. 

Fig  77  gives  a  view  of  the  in- 

"  *  timate  structure  ofone  of  these 

veins 

1 1  IS  a  vein  of  quartz  three 
inches  wide,  in  which  the 
crystals  starting  from  each  wall 
sometimes  meet  in  the  middle, 
and  some  times  leave  a  vugh 
or  open  cavity,  containing,  as 
does  also  the  quartz,  cassiterite, 
wolfram,  mtspickel,and  schorl. 
2  3  is  a  band  of  dark  rock — 
'  greisen ' — four  inches  wide  on 
both  sides  of  the  quartz  vein. 
This  rock  is  quartz  and  mica, 
or  granite  without  the  felspar, 
and  contains  schorl,  gilbertite, 
CoLuit"  ^""^  small  quantities  of  tin- 
stone. Acicular  crystals  of 
schorl  frequently  fill  up  the  cavities  apparently  left  by  the  removal 
of  OTthocIase.  This  rock  graduates  into  the  adjacent  granitic 
rock  3  3.  The  width  of  the  veins  varies  from  half  an  inch  to  six 
inches  wide,  and  they  lie  from  a  few  inches  and  a  few  feet  apart 
It  may  here  be  observed  generally  that  tin  is  sometimes  in 
Cornwall  mixed  up  with  iron  in  the  gossan  overlying  a  copper 
lode,  when  it  is  considered  by  the  miners  a  good  sign  for  copper 
below.   When  mixed  up  witli  copper  in  a  lode,  dn  usually  pre- 
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fkils  on  the  upper  side,  although  it  is  occamonally  found  under 
the  copper.    When  so  found  the  tin  and  copper  aie  divided 


Fia.  7&— SicnoM  of  Ci 


from  each  otlier  by  parallel  layers  of  qiiartz,  clay,  and  other 
earthy  minerals.    When  tin  and  copper  occur  in  the  same  lode 


Fig.  77.— Emlabci 


on  opposite  sides  an  increase  of  one  ore  on  one  side  is  usually 
iccompanied  by  an  increase  of  the  other  on  the  other  side.    If 
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the  ore  on  the  foot  wall  diminishes  it  is  considered  an  unfavour- 
able sign  ;  if  it  increases,  it  augurs  well  When  lodes  traverse 
beds  at  light  angles  to  the  dip  of  the  latter  the  ore  masses  have 
a  shoot  or  inclination  conesponding  to  the  dip  of  the  beds. 

A  hard  black  gossan  yields  some  tin,  but  the  mineral  is  not 
ea«ly  worked  to  profit  in  it,  noi  does  it  often  occur  in  a  satis- 
factory State  in  a  peachy  lode.  In  pryany  lodes  tin  oflen  occurs 
ia  grains  of  fine  quality.  These  lodes  are  really  detrital  de- 
posits, cracks  into  which  materials  have  been  washed  ;  hence 
the  similarity  of  the  are  to  stream  tin.  The  best  lode  is  a 
■covan,  so  called  because  it  is  composed  almost  exclusively  of 
tin  (se.    The  rocks  in  which  tin  lodes  are  most  profitable  are, 


tia.  78.— SiCTioa  or  Loot  at  Old 


as  we  have  seen,  the  half-decomposed  schorlaceous  granite,  and 
the  immediately  overlying  slaty  rocks  or  killas  where  these  are 
of  a  brown  or  reddish  colour. 

The  depth  at  which  tin  may  be  profitably  worked  depends 
chiefly  upon  the  nature  and  dip  of  the  strata.  It  is  worked  to 
great  depths  In  graniuc  rock  of  a  favourable  kind,  and  in  killas 
where  these  dip  at  a  great  angle,  and  where  they  are  overlaid 
with  newer  strata.  Its  stratigraphical  place  and  profitable  zone 
occun  below  that  of  copper,  but  there  is  of  course,  as  we  have 
seen,  a  dovetailing  of  the  two  minerals  vertically.  Thus  at  Old 
Huel-Vivian  a  tin  and  copper  lode  was  wholly  in  granite;  the  lode 
varied  from  2  to  40  feet  wide,  contained  large  angular  masses 
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of  granite,  with  yellow  copper  ore  and  tin  lying  between  them. 
It  was  crossed  by  eleven  cross-courses  in  170  fathoms,  and  the 
lode  was  most  prolific  near  the  points  of  intersectioiL  We 
may  take  this  lode  as  an  example  of  many  other  mechanically 
formed  lodes  into  which  both  metals  were  washed  from  their 
parent  rocks  at  a  date  subsequent  to  that  of  the  origin  of  most 
of  the  true  tin  lodes  we  have  been  considering.  Old  Hewas 
Mine  gave  a  good  example  of  richness  at  the  point  where  the 
lode  was  crossed  and  broken  by  a  cross-course.  Fig.  78  is  an 
illustration  of  this.  Tin  lodes  often  increase  in  productiveness 
also  near  their  jimction  with  elvan  courses  or  febpathic  dykes 
crossing  them. 

In  Cornwall  the  value  of  the  dressed  tin  ore  is  calculated 
from  a  standard  or  scale,  which  fixes  the  amount  to  be  paid  per 
cwt.  of  metal  contained  in  the  ore.  This  is  arrived  at  from  the 
results  of  a  dry  assay  of  a  sample  of  the  mineral,  after  deduct- 
ing I J  from  the  produce  per  20  (=  6J  per  cent)  for  returning 
charges.  By  an  old  trade  custom  there  is  also  a  deduction  of 
3  lbs.  per  cwt.  from  the  weight  of  the  parcel  of  ore. 
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CHAPTER  XXII. 

TIN-^ontinued. 

Alluvial  Tin  Deposits  of  Cornwall — ^Tin  in  Bolivia,  Queensland,  New  South 
Wales,  Victoria,  and  Tasmania — General  Deductions  and  Concluding 
Observations. 

We  may  now  pass  on  to  notice  the  alluvial  tin  or  stream  tin 
deposits  of  Cornwall.  These  are  of  two  kinds  :  first,  natural 
deposits,  in  which  detrital  tin  brought  dDwn  from  its  parent 
rocks  on  the  higher  lands  has  settled  down  in  river  streams 
and  valleys  ;  and,  secondly,  the  deposits  where  fine  tin  ore 
escaping  from  the  dressing-floors  of  mines  has  settled  down  in 
the  bed  or  on  the  banks  of  a  stream  where  conditions  were 
favourable.  Of  the  former  there  were  six  *  openworks '  in  opera- 
tion in  1890,  which  produced  126  tons  of  dressed  ore,  and  of 
the  latter  19,  with  a  production  of  1,976  J  tons.  The  total  yield 
of  metallic  tin  from  these  two  sources  was  1,160  tons,  of  a  value 
of  79,055/.  at  the  works. 

In  the  year  1877  there  were  27  stream  tin  works  in  Cornwall. 
Of  these  18  were  on  the  Red  River,  and  9  on  the  tributary  that, 
running  down  from  Cambrea  and  Tincroft,  joins  this  river  at 
Tehidy  Mill.  The  amount  of  tin  raised  from  this  source  in 
1877  was  753  tons  4  cwt.  2  grs.,  or  about  one-fifteenth  of  the  total 
amount  raised  in  Cornwall  and  Devon.  About  800  persons 
are  employed  at  these  stream  tin  works,  whose  combined  earn- 
ings are  given  at  1,500/.  per  month. 

Formerly  alluvial  tin  works  were  spread  over  large  portions 
of  the  lowlying  lands  of  Cornwall,  along  the  estuaries  of  rivers, 
and  on  the  seashore.  The  following  selected  sections  will  give 
5ome  idea  of  the  ground  enveloping  these  tin  deposits.' 

'  Quoted  by  De  la  Beche,  Report  on  the  Geology  of  Cornwall  and  Devon, 
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Section  of  tin  ground  near  the  Par  estuary,  taken  by  Captain 
Barratt: 

Feet  Inches 

1.  River  deposits i     6 

2.  Irregular  mass  of  mud,  sand,  clay,  and  stones         .     7    o 

3.  Old  sur&ce  of  mud,  clay,  and  vegetable  matter       .     8    o 

4.  Fine  sand,  with  sea  shells,  and  on  the  top  rolled 

pebbles 40 

5.  Mud,  clay,  sand,  woodnuts,   and  other  vegetable 

matter 30 

23    6 

6.  Tin  ground  resting  upon  an  uneven  surface  of  slate,    o    6  to  6  feet. 

Section  of  the  Camon  stream  works,  taken  by  Mr.  Henwood : 

Feet  Inches 

1.  Sand  and  mud,  river  wash 30 

2.  Silt  and  shells— three  successive  beds       .  .                 .    o  10 

3.  Sand  and  shells,  with  a  stream  of  fresh  water    .  .        .20 

4.  Silt — three  beds 120 

5.  Sand  and  shells      ....        3  feet  10  inches  to  4    o 

6.  Silt  largely  mixed  with  shells 12    o 

7.  Silt  in  some  places  containing  stones        .        .18  feet  to  22    o 

8.  Wood,  moss,  leaves,  nuts,  &c.,  a  few  oyster  shells,  with  the 

bones  of  deer  and  human  remains  .        .         .        .16 

59    4 

9.  Tin  ground      .        .         .      varying  from  a  few  inches  to  12    o 

10.  The  shelf  or  rock  uf  dirty  white  and  pale  blue  slate 

The  bed  8  sometimes  disappears  when  bed  7  rests  immediately 
upon  the  tin  ground.  The  latter  consisted  of  rounded  masses 
of  tin  ore,  in  places  unmixed,  and  in  others  contained  in  a 
matrix  of  quartz  and  quartz  and  schorl  associated  with  rounded 
pieces  of  slate,  granite,  and  quartz. 

Other  sections  show  a  similar  succession  of  beds,  and  con- 
tain the  vegetable  bed  immediately  above  the  tin  ground.  The 
presence  of  this  bed  in  this  position  shows  the  very  recent 
date  of  the  overlying  driftal  matter,  and  leads  to  the  following 
theoretical  inquiries.  Was  the  detrital  tin  only  deposited  just 
before  this  recent  vegetable  deposit,  or,  as  its  rounded  cha- 
racter would  indicate,  was  it  a  vastly  older  deposit?    If  tlie 
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latter,  had  it  remained  exposed  on  the  surface  for  ages,  or  had 
it  been  covered  with  older  drift  of  glacial  times,  which  had 
been  denuded  before  the  deposition  of  the  recent  vegetable 
bed  ?  Probably  the  latter  supposition  is  nearer  the  truth,  in 
which  case  the  tin  deposit  belongs  to  the  age  of  those  local 
preglacial  drifts  whose  place  is  everywhere  in  the  hollows  of 
the  solid  rock,  and  which  are  in  their  turn  covered  usually  by 
the  lower  boulder  clay  or  some  other  member  of  the  glacial 
series.  In  North  America  the  tin  deposits  of  South  Dakota 
have  attracted  considerable  attention  since  the  passing  of  ^e 
MacKinley  Tariff  Bill.  Between  300  and  400  men  are  em- 
ployed (1891),  and  500,000  tons  of  4  per  cent,  ore  are  said  to 
be  in  sight.  The  deposit  varies  from  i  to  300  feet  wide,  and 
is  estimated  to  average  a  minimum  of  4  per  cent.  ore.  In  South 
America  it  has  been  mined  to  some  extent  in  Bolivia. 

Queensland. — Beginning  on  the  north  with  Queensland, 
the  discovery  of  tin  in  this  colony  was  reported  by  the  Govern- 
ment in  the  year  1872.*  The  stanniferous  country  lies  be- 
tween the  head  waters  of  the  Condamine  River  on  the  north, 
and  the  boundary  of  New  South  Wales  on  the  south.  It  com- 
prises an  area  of  about  550  square  miles,  of  which  about  one- 
half  has  been  proved  ground  sufficiently  rich  in  ore  to  pay  for 
working.  The  higher  part  of  this  region  consists  of  an  elevated 
granitic  tableland,  intersected  by  ranges  of  abrupt  hills,  some 
of  which  rise  to  the  height  of  3,000  feet  above  the  sea. 
Several  rivers  have  their  rise  in  this  elevated  country,  and  force 
their  way  through  deep  narrow  gorges  to  the  open  country 
below.  Among  these  are  the  Clarence,  Condamine,  Severn,  and 
Macintyre.  It  is  along  the  course  of  the  River  Severn,  from  near 
its  source  down  to  Ballandean,  a  distance  of  140  miles,  that 
the  principal  alluvial  tin  deposits  are  found.  There  are  also  30 
miles  of  rich  tin  ground  along  the  tributaries  of  Pike's  Creek. 

The  richest  deposits  lie  in  the  stream  bed,  and  on  the  flat 
ground  of  both  banks  of  the  Severn,  and  they  extend  to  a  dis- 
tance varying  from  a  few  to  one  hundred  yards  on  both  sides. 

'  Gregoiy,  *0n  the  Discovery  of  Tin  in  Queensland,*  QuarUrly  JmrtuU 
Gtohgkal  Society^  vol.  xxix.  p.  I. 
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These  two  belts  are  brdken  across  by  rocky  ridges,  but  tin  ore 
has  been  largely  accumulated  in  the  hollows  lying  in  and  between 
these  barriers.  The  quantity  of  tin  ore  contained  in  this  river 
belt  reaches  as  high  as  30  tons  to  the  chain  in  length,  and  its 
average  yield  is  estimated  at  10  tons  per  chain  (22  yards). 

Two  principal  tin  lodes  have  been  discovered  in  situ^  near 
Ballandale  Head  Station.  The  rock  here  is  a  coarse-grained 
granite,  which  soon  disintegrates  on  exposure  to  the  atmo- 
sphere. Mixed  up  with  this  granite  are  numerous  bands  of 
loosely  aggregated  granitoid  rock,  containing  much  mica,  and 
traversed  in  all  directions  by  bands  and  veins  of  quartz. 

In  these  bands  crystals  of  tin  ore,  cassiien'te,  are  abundant. 
They  are  generally  found  imbedded  in  and  along  the  margin  o^ 
the  quartz  veins  and  bands,  and  also  occasionally  in  the  middt 
of  the  mica,  which,  when  such  is  the  case,  is  invariably  white  in 
colour.  The  strike  of  these  quartz  veins  and  bands  is  NE.  by 
SW.  Other  smaller  veins  have  been  discovered,  but  so  far 
little  or  no  attention  has  been  paid  to  mining  for  tin  in  the 
solid  rock.  The  quantity  of  stream  tin  raised  in  the  year  1874 
is  given  as  5,585  tons,  and  the  total  in  1889  was  3,033  tons. 

New  Soxjth  Wales.  ^ — ^The  same  geological  conditions  are 
continued  southward  into  this  colony,  near  the  northern 
boundary  of  which,  Mr.  D.  Brown,  of  Sydney,  claims  to  have 
first  discovered  tin  ore  among  the  stuff  thrown  out  of  an  old 
saw  pit.  The  discovery  of  tin  ore  in  the  colony  was  first 
brought  into  notice  in  this  country  by  a  communication  made 
to  the  Geological  Society  in  December  187 1,  by  Mr.  G.  M. 
Stephen,  F.G.S.,  of  Sydney. 

The  ground  on  which  Mr.  Brown's  discovery  was  made 
afterwards  became  the  property  of  the  Elsmore  Tin  Mining  Co., 
and  it  will  afford  us  the  best  illustration,  perhaps,  of  the 
mineralogical  .:onditions  in  which  the  ore  occurs.  The  land 
lies  on  the  north-west  side  of  the  Macintyre  River.  It  is  in- 
tersected by  a  granitic  range,  250  feet  high  and  nearly  two 

>  *  Observations  on  some  of  the  Recent  Tin  Ore  Discoveries  in  New 
South  Wales,  by  G.  H.  F.  Ulrich,  Quarterly  Journal  Geolo^al  Society, 
rol.  xxix.  p.  5. 
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miles  long.  The  granite  is  micaceous,  and  contains  crystals  of 
white  orthoclase,  which  are  often  several  inches  long.  More 
rarely  the  orthoclase  is  bluish  grey  in  colour.  This  granite  is 
traversed  by  quartz  veins  from  four  to  five  inches  wide,  in 
which,  in  fine  druses,  seams,  and  single  crystals,  tin  ore  occurs. 
The  quartz  of  these  veins  gives  place  occasionally  to  a  mica- 
ceous greisen-like  rock. 

Besides  these  quartz  veins,  the  great  mass  of  granite  is 
traversed  by  dykes  of  softer  granite,  three-foiuths  of  which  con- 
sists of  mica,  and  the  remaining  fourth  of  felspar,  without  much 
quartz.  In  these,  micaceous  dykes,  tin  ore  is  plentifully  dis- 
tributed in  grains  from  the  size  of  a  pea  downwards,  and  also 
in  irregular  veins  several  inches  thick,  and  in  nests  and  rami- 
fications, which  often  yield  lumps  of  nearly  pure  ore  in  all  sizes 
up  to  50  pounds  in  weight. 

One  of  these  dykes,  of  which  there  are  at  least  six  in  the 
property,  forms  a  regular  breccia  of  mica  and  partly  crystallised 
tin  ore,  cemented  together  by  hydrous  oxide  of  iroa 

It  is  from  the  disintegration  of  such  dykes  and  stanniferous 
masses  that  the  rich  alluvial  deposits  of  tin,  that  nestle  in  the 
lowlying  lands  and  along  the  banks  of  the  streams,  are  derived, 
for  with  the  tin  ore  in  such  deposits  are  found  firagments  and 
grains  more  or  less  worn  of  the  original  enclosing  rocks.  Thus 
far  tin  mining  has  been  confined  to  alluvial  workings,  the 
particulars  of  which  for  the  year  1876  are  thus  enumerated  by 
the  Mining  Registrar,^  while  the  value  of  the  total  production 
rose  in  1889  to  415,171/. 


Locality 

Number  of 
miners 

Ore 

Value 

Tingha    

Glen  Innes       .... 
Vegetable  Creek       . 
Tenterfield       .... 
Tnmbarumba   .        ;        .        . 
Tenterfield  Tin  Ingots      . 

Total 

500 
120 
625 
407 

2 

• 

Tons 
2,300 
1,000 

liossS 
12 

330 

j6 
69,000 

30,000 

90,261 

40,352 
660 

22,440 

1,654 

7,7o6i 

252,713 

i  Repcrt  of  the  Department  of  Mines^  New  South  Wales, 
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Victoria. — Proceeding  south  into  the  colony  of  Victoria, 
tm  is  found  near  the  boundaries  of  the  granitic  masses  of 
Beechworth  and  Berwick,  in  the  county  of  Momington. 
The  Beechworth  mass  of  granite  is  fine  grained  and  highly 
felspathic,  but  it  contains  portions  highly  micaceous,  like  the 
Saxon  and  Cornish '  greisen.'  In  these  portions  tin  ore  is  found 
associated  with  stanniferous  sand. 

In  the  gravels  and  alluvial  deposits  surroimding  these 
granitic  masses  tin  ores  are  found,  and  they  are  oflen  asso- 
ciated with  gold.*  The  pure  ore  from  Woolshed  Creek  con- 
tains 78  per  cent,  of  tin  and  22  per  cent  of  oxygen.  As  sold 
the  ore  assays  about  53  per  cent.,  being  mixed  with  titaniferous 
iron  ore  and  other  substances.  In  the  desire  of  the  miners  to 
obtain  gold  it  is  to  be  feared  that  tin  ore  has  been  much 
neglected.  The  exports  of  tin  for  the  year  1877  were  only 
34  tons  9  cwt.  The  production  in  1889  increased  to  109  tons 
dressed  ore. 

Tasmania. — Farther  south,  tin  ore  has  more  recently  been 
discovered  at  Mount  Bischoff,  in  the  NW.  portion  of  this 
island.  Mount  Bischoflf  rises  from  the  western  side  of  the 
basaltic  plateau  of  the  Surrey  Hills  to  a  height  of  2,500  feet 
above  the  sea.  It  is  described*  as  a  porphyritic  rock  con- 
taining granules  and  crystals  of  quartz  and  felspar.  It  weathers 
white,  and  is  honeycombed  on  the  surface  from  the  decay  of 
P)nrites,  which  are  abundantly  disseminated  in  it  On  its  western 
and  southern  sides  it  is  overlaid  by  metamorphic  and  contorted 
schists.  Veins  and  strings  of  tin  ore — oxide  of  tin — traverse 
the  rock,  and  tin  ore  occurs  in  the  joints.  « 

There  are  also  gossany  outcrops  of  larger  lodes,  and  irre- 
gular deposits  of  great  extent  in  which  are  minute  particles  of 
tin  stone.  Larger  lumps  up  to  400  and  500  lbs.  weight  of  rich 
tin  stones  also  occur. 

From  the  disintegration  and  denudation  of  these  rocks, 
tin  ore  fills  the  troughs  and  hollows  of  the  mountain  side : 
hence  the  hill  has  been  called  a  mountain  of  tin  ore.    Similar 

*  Brough  Smyth,  Gold  Fields^  d^r.,  of  Victoria, 
'  Gould,   *0n  a  Recent  Discovery  of  Tin  Ore  in  Tasmania,*  Quarterly 
Jottrnal  Geological SoMy^  vol.  xxxi.  p.  109. 
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discoveries  have  still  more  recently  been  made  farther  south, 
at  Mount  Heemskerk,  on  the  west  coast  The  amount  of  tin 
exported  in  1873  was  estimated  at  7,000/.  In  1889  the  pro- 
duction was  5,550  tons  of  ore,  of  a  value  of  321,900/.  Tin 
mining  has  also  been  commenced  in  South  and  Western  Aus- 
tralia ;  the  former  produced  10  tons  of  dressed  ore,  and  the 
latter  5  tons,  in  1889. 

In  reviewing  the  foregoing  description  of  the  tin  deposits 
of  the  world,  we  are  impressed  with  the  great  uniformity  of  the 
geological  and  mineralogical  conditions  imder  which  it  occurs 
in  sUuy  as  these  have  been  described  at  widely  different  times 
by  widely  different  observers. 

Its  home  is  in  granite,  which,  underljring,  as  it  is  seen  to  do 
in  Banca,  Germany,  France,  Britain,  and  Australia,  the  oldest 
known  sedimentary  rocks,  belongs  evidently  to  the  Laurentian 
series,  if  not  to  an  earlier  primitive  group. 

It  abounds  most  in  granite  of  a  peculiar  type,  from  whose 
composition  felspar  is  largely  absent  and  mica  largely  present. 
Eveiywhere  it  is  accompanied  by  schorlaceous  conditions  of 
the  rock.  Were  these  granitic  dykes  thrust  through  the  older 
granite  with  their  enclosed  minerals  ?  or  do  they  lie  along  the 
lines  of  ramifying  cracks,  up  which  vapours  charged  with  stan- 
niferous matter  have  come,  dissolving  the  felspar  and  leaving  its 
mineral  burden  of  tin  behind,  just  as  we  see  has  been  the  case 
in  the  stockwerk  of  Geyer,  fig.  68,  in  the  thin  lodes  of  Cligga 
Point,  Cornwall,  figs.  70  and  71,  and  in  the  ore  pipes  of  East 
Wheal  Lovell,  fig.  74  ? 

Geologically,  the  correlation  of  the  granites  of  Cornwall 
with  the  other  tin-bearing  granites  of  the  world,  fixes,  I  think, 
the  age  of  the  former,  and  confirms  my  inference,  before  stated, 
that  the  older  and  tin-bearing  slates  and  metamorphic  rocks  of 
that  county  are  nearer  Cambrian  than  Devonian  age. 
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LEAD, 

Native  Ores  of  Lead — Lead  Ores  of  Austro- Hungary— Banat--Ca- 
n'nthian  Alps — Bleiberg  —  Germany — Erzgebirge — Hartz — Clausthal 
and  Zeller — Nassau — Rhenish  Provinces — Spain — Brief  History— An- 
dalusia —  Sierra  de  Almagrera — Linares — Homachos — France — 
Pontgibaud — PouUaouen — Bretagne — Belgium. 

Though  of  less  money  value,  owing  to  its  wider  distribution 
in  nature,  this  metal,  whether  used  alone  or  in  combination 
with  other  metals  in  the  shape  of  alloys,  is  one  of  the  most 
useful  of  all  the  metals.  In  colour  it  is  of  a  bluish  grey,  it  is 
easily  fusible,  it  is  soluble  in  nitric  acid,  and  is  very  malleable. 
The  chief  forms  in  which  it  occurs  in  nature  are  the  following: 
Native  Lead. — Very  rarely  the  metal  occurs  in  this  form, 
but  it  has  been  found  native  in  the  mines  of  Alston  Moor,  in 
meteoric  iron  in  Chili,  in  lava  in  Madeira,  in  clay  slate  at 
Carthagena,  and  near  Kenmare  in  Ireland.  In  this  form  its 
hardness  is  1*5,  and  its  gravity  11 '3  to  11 '4. 

SULPHURET,    OR   SULPHIDE    OF    LeAD.  — GaLENA. — ^ThlS   is 

the  most  plentiful  ore  of  lead.  Chemical  composition  :  86*55 
lead,  and  13*45  sulphur.  It  usually,  however,  contains,  as  we 
have  seen,  a  little  silver,  with  varying  small  proportions  of 
copper,  zinc,  or  antimony,  when  of  course  one  or  both  of  the 
chief  constituents  are  displaced  to  some  extent  Gravity,  7 'a 
to  7*6. 

I        In  combination  with  other  substances  we  have  the  following 

'  varieties  of  this  ore  : 

Clausthaliie^  mixed  with  selenium  in  varying  proportions, 
and  giving  a  horse-radish  odour  when  fused.    Hartz  mountains. 
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CobaUic  lead  ore,  mixed  with  arsenic,  and  with  a  trace  of 
cobalt    Hartz. 

CuproplutnbiU^  containing  24*5  per  cent  of  sulphide  of 
copper.    Chill 

.     Dufreynoysite^  with  a  proportion  of  arsenic,  of  a  dark  steel 
grey  colour.     Dolomite  of  St.  Gothard. 

\       Tdluride  of  Uad^   of  a   tin-white   colour,  and  cleavable. 
i  Altai  Mountains. 

Tellurium-Foliated, — Chem.  com. :  32*2  tellurium,  lead  54*0, 
gold  9*o,  with  silver,  copper,  and  sulphur.     Transylvania. 

Oxide  of  Lead. — Minium. — Red  Lead  of  Commerce. — 
Chem.  com.:  907  lead,  9*3  oxygen.  Colour,  red,  streaked  with 
yellow.  Occurs  in  Yorkshire,  Anglesea,  and  Siberia.  Its 
variety  is: 

Plumbic  Ochre. 

Sulphate  of  Lead. — ^Anglesite. — Chem.  com. :  737  of 
protoxide  of  lead,  26*3  sulphuric  acid,  with  a  little  silver. 
Colour,  white,  to  yellow,  grey,  and  brown.  Occurs  at  most 
mines.     Its  variety  is  : 

Cupreous  AnglesitCy  containing  an  admixture  of  copper  of 
an  azure  blue  colour,  and  possessing  a  perfect  cleavage. 

Carbonate  of  Lead. — Cerussite. — White  Lead  Ore. — 
Chem.  com.:  83*6  protoxide  of  lead,  and  16*4  carbonic  acid. 
In  colour  ranging  from  white  to  black,  fuses  easily,  and  dis- 
solves with  effervescence  in  nitric  acid.    Its  varieties  are  : 

Dioxylite^  LeadhUlhite^  and  CcUedonite,  These  are  distin- 
guished by  the  presence  in  larger  proportions  of  carbonic  acid. 

Phosphate  of  Lead.—  PYROMORPHiTE.--Chem.  com. :  897 
phosphate,  and  10*3  chromate  of  lead,  varied  with  o  to  9 
arseniate  of  lead,  o  to  11  phosphate  of  lime,  and  o  to  i 
fluoride  of  calcium.  A  brown  variety  gave  the  following  com- 
position :  78*58  of  oxide  of  lead,  1*65  of  muriatic  acid,  and 
1973  phosphoric  acid.  Usually  of  a  greenish  colour,  and 
occurring  in  beautiful  crystals.     Its  varieties  are : 

Hedypliane^  containing  some  arsenic  and  2  per  cent  of 
chlorine.     Found  in  Sweden. 

Mimetine,  containing  also  a  proportion  of  arsenic.   Cornwall 
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Chromate  of  Lead. — Crocoisite, — Chrome  Yellow. — 
Chem.  com.  :  protoxide  of  lead,  68-15  ;  chromic  acid,  31*85. 
Colour,  orange  red  to  yellow.     It  has  the  following  varieties  : 

Corneous  lead^  containing  some  carbonic  acid,  and  occurring 
m  white  adamantine  crystals.    Derbyshire  and  Germany. 

Mdanochroite^  containing  only  23*64  of  chromic  acid,  of  a 
dark  red  colour.     Siberia. 

Mendipite,  containing  38*4  of  chloride  of  lead  and  61 -6  of 
oxide  of  lead.    Mendip  Hills. 

Molybdatey — chem.  com. :  protoxide  of  lead,  64-42,  molybdic 
acid,  34*25.    Bleiberg. 

Flumba-resinite^ — contains  protoxide  of  lead,  40-14,  alumina, 

37'oo,  and  water,  18*8. 

Sdenate  of  lead^  containing  selenium,  rarely  found  ;  occurs 

in  small  globules. 

TungstaU of  leady — chem  com.:  lead,  49,  and  tungstic acid, 

5'- 

Vanadiniiey  containing  vanadium,  and  occurs  in  hexagonal 

prisms. 

Omitting  the  mines  of  the  Altai  and  Daouri  mountains  of 
Siberia,  where  lead  ore  is  mined  chiefly  for  the  silver  it  con- 
tains, we  will  take  as  our  easternmost  starting-point,  in  our 
description  of  the  chief  lead  ore  deposits  of  the  world,  the  mines 
of  Austro- Hungary. 

AusTRO-HuNGARY.^ — We  have  already  seen  that  lead  ores 
are  associated  with  the  minerals  forming  the  contact  deposits  of 
the  Banat,  and  these  deposits  will  not  require  further  descrip- 
tion. The  same  remark  applies  to  the  lead  associated  with  the 
silver  ores  mined  on  the  Bohemian  side  of  the  Erzgebirge  ;  but 
in  the  continuation  southward  of  this  mountain  chain  we  find 
important  mines  worked  at  Przibam,  and  farther  south  still, 
near  the  village  of  Villach,  near  the  NE.  corner  of  the  Tyrol, 
in  the  Carinthian  Alps,  are  the  lead  mines  of  Bleiberg. 

The  deposits  of  Przibam  lie  between  the  upper  surface  of  a 
greenstone  rock  and  the  overlying  metamorphic  schist,  and 
tlius  form  contact  deposits.     The  matrix  consists  of  quartz, 

'  Sec  Whitney^s  Metallic  Wealth  ;  also  Ann,  cUs  Mints  (4)  8  and  (4)  I. 

p  2 
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brown  spar,  and  heavy  spar.  The  ore  is  galena,  which  is  asso- 
ciated with  antimony,  blende,  grey  copper,  iron  pyrites,  and 
silver  ore.  These  deposits  become  profitably  productive  at  a 
depth  of  about  300  feet.  Besides  the  contact  deposits,  there 
are  also  true  veins,  which  traverse  sandstones  and  conglomerates 
of  apparently  the  same  age  as  those  of  our  Shropshire  and  Car- 
diganshire lead  mines.  The  number  of  veins  of  all  sorts  at  this 
point  is  thirteen. 

The  mines  that  stretch  along  the  valley  of  the  Notsch,  be- 
tween Bleiberg  and  Kreuth,  a  distance  of  about  fifteen  miles, 
occur  in  a  light  grey  limestone,  which  is  traversed  by  veins  and 
cavities  filled  with  calcspar,  in  which  occur  irregular  masses  of 
galena  associated  with  carbonate  of  lead,  calamine,  and  blende. 
These  have  been  followed  down  to  a  depth  of  about  1,500  feet. 
The  annual  production  of  lead  in  Austro-Hungary  is  7,000  tons. 

Germany. — Passing  by  the  mines  of  the  Erzgebirge,  which 
have  already  been  described,*  we  find  that  near  Tamowitz,  in 
Silesia,  lead  mining  has  been  carried  on  for  more  than  300  years. 
A  rich  and  curious  deposit  lies  between  the  Muschelkalk  and 
a  dolomitic  limestone.  The  deposit  has  been  explored  for  a 
length  of  five  miles  and  a  breadth  of  one  mile.  It  is  about  1 2 
feet  thick,  and  consists  chiefly  of  red  calamine,  with  a  bed  two 
or  three  inches  thick  of  galena  in  its  upper  portion.  It  is  pro- 
bable that  the  Muschelkalk  lies  unconformably  upon  the  lime- 
stone :  still  the  deposit  is  one  of  the  highest  known  in  the  geo- 
logical series.  Crossing  westward  we  reach  about  the  centre  of 
Northern  Germany,  and  immediately  south  of  the  town  of 
Hanover  a  network  of  mountains,  made  up  of  Cambrian  and 
Silurian  strata,  that  rises  up  out  of  the  plains  composed  of  the 
newer  secondary  deposits.  These  are  the  Hartz  mountains, 
which  send  their  spurs  southward  into  the  duchy  of  Nassau  and 
down  to  Frankfort,  while  a  succession  of  little,  intervening, 
palaeozoic  islands  show  their  connection  with  the  mountain 
masses  of  the  Erzgebirge  already  described. 

The  metalliferous  portion  of  the  Hartz  mountains  stretches 
WNW.  by  ESE.  a  length   of  sixty  miles,  with  an   average 

*  See  page  96. 
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breadth  of  about  eighteen  miles.  Its  highest  peak  is  the  well- 
known  Brocken,  and  it  passes  through  the  States  of  Hanover, 
Brunswick,  and  Anhalt  Bemberg.  The  structure  of  the  range 
is  similar  to  that  of  the  Erzgebirge,  and  if,  referring  to  fig.  37, 
representing  that  mountain  range,  the  reader  imagines  the 
central  granitic  mass  to  be  the  Brocken,  he  will  have  a  fair  idea 
of  the  structure  of  the  country  on  either  side  that  moimtain, 
except  that  the  strata  are  very  much  contorted,  broken,  and  in- 
verted. It  is  an  old  and  important  mining  district*  The 
Rammelsberg  mines  have  been  worked  uninterruptedly  since 
the  fifteenth  century.  The  mines  of  Clausthal  and  Zellerfield 
were  opened  a  century  later. 

In  the  Upper  Hartz  in  Hanover  there  are  two  clusters  or 
groups  of  veins,  those  of  Andreasberg  and  Clausthal.  Eastward 
there  come  the  important  mines  of  Rammelsberg,  with  mines 
of  lesser  importance  farther  east  in  Anhalt  Bemberg. 

At  Andreasberg  a  space  of  about  a  mile  and  a  quarter  long 
by  a  mile  broad  is  composed  of  clayey  and  sandy  slates,  which 
are  traversed  by  a  system  of  metal-bearing  veins.  The  gangue 
or  matrix  of  these  is  composed  of  firagments  of  the  surrounding 
rocks,  and  contains  brown  spar,  spathic  iron,  heavy  spar,  and 
quartz,  the  whole  of  which,  with  the  lead  ore,  are  cemented 
together  by  carbonate  of  lime.  Besides  the  silver  which  is 
intimately  mixed  with  the  galena,  the  ordinary  ores  of  silver, 
light  and  dark  red  ores,  and  antimonial  sulphides  also  occur. 
One  of  the  veins  -the  Great  Samson — has  been  followed  down 
to  a  depth  of  about  1,000  yards.  The  richest  ores  of  this  vein 
occur,  usually,  in  courses  of  about  100  feet  square.  Some  of 
the  richest  deposits,  and  those  which  have  continued  in  depth, 
have  been  struck  at  a  depth  of  about  360  yards. 

The  veins  of  the  vicinity  of  Clausthal  and  Zellerfield  are 
large  and  wide.  There  are  six  principal  lines  of  fracture. 
These  fractures  course  in  nearly  parallel  lines  from  east  to  west, 
as  do  also  the  other  veins  of  the  region,  generally  speaking. 
The  filling  of  the  veins  is  similar  to  that  of  those  of  Andreas- 

*  See  Ann,  des  Mines  (4)  z.  xiiL  xiv. ;  KarsUn  and  Dechen  Arckivti^ 
X.  3. 
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berg.  The  lead  ore  is  galena,  which  contains  a  good  proportion 
of  silver  that  varies  ftom  la  to  120  ounces  to  the  ton  of  ore. 
As  a  matter  of  observation  the  veins  are  richest  where  they  are 
split  up  and  divided,  and  poorest  when  widest  and  unbroken. 
The  ramifications  of  the  veins  become  at  times  so  numerous  as 
to  form  rich  productive  stockwerks,  as  at  the  Kosentiefe  Zug. 

The  Kammelsberg  deposit  partakes  more  of  the  nature  of 
segregated  veins  than  of  that  of  true  lodes. 

Fig.  79  represents  a  section  of  the  principal  orey  deposit 
The  deposit  i  lies  between  the  bedding  of  the  clay  slates, 
A  A.  At  a  depth  of  about  400  feet  the  branch,  2,  runs  into  the 
overlying  slates.  This  mass  of  orey  matter  at  its  greatest 
thickness  was  1,900  feet  long  and 
150  feet  thick.  When  followed 
down,  from  i  to  3  in  the  figure, 
at  a  depth  of  800  feet  these  di- 
mensions had  decreased  to  750 
feet  in  length  and  20  feet  in 
thickness.  It  may,  therefore,  be 
terminated  in  depth,  or  It  may 
be  connected  by  strings  with  a 
similar  large  deposit  below. 
There  is  little  admixture  of 
'^  ";^d!^".  iu.^""*  B^ngue  or  earthy  minerals  in  this 
mass,  nearly  the  whole  of  it  being 
made  up  of  metallic  minerals,  chiefly  sulphides  of  lead,  copper, 
and  zinc,  all  mixed  up  together. 

Nassau.' — Following  the  continuation  of  similar  strata  to 
those  of  the  Hartz,  southwards, we  find,  where  the  older  Devonian 
locks  cover  them,  the  lead  mines  of  the  rich  little  duchy  of 
Nassau.  The  group  of  mines  extends  from  just  above  the  con- 
fluence of  the  Lahn  with  the  Rhine,  passing  by  the  towns  of 
Ems  and  Nassau.  The  containing  rock  is  supposed  to  be  of 
Lower  Devonian  age — Aeltere  Rheinisehe  Gratiwtuke — and  the 
lodes  run  NK  and  SW.,  following  generally  the  strike  of  the 
atnta.  It  is  just  posdble  that,  as  at  first  interpreted,  these  strata 
'  Sm  Odemhcioner,  Btrg  uhJ  HuUtirwtien  im  Nattau. 
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may  prove  to  be  of  Cambro-Silurian  age.  The  veins  have  well- 
defined  walls,  but  they  are  frequently  disturbed  by  cross  faults — 
north  and  south  coiurses.  The  matrix  is  of  a  quartzy  nature, 
and  the  lead  ore  is  strongly  charged  with  silver.  It  is  also  as- 
sociated with  blende,  copper  pyrites,  and  spathic  iron  ore.  The 
veins  are  also  crossed  by  fissures  whose  sides  are  lined  with 
fine  crystals.  The  veins  also  vary  in  productiveness  as  they 
traverse  different  strata  in  depth,  being  rich  in  hard  and  poor 
in  soft  beds  of  rock.  In  the  year  1863  there  were  18  lead 
and  silver  mines  in  this  limited  region  in  work,  which  produced 
97,676  centners  weight  of  lead  and  silver  ore,  to  the  value  of 
S3,ooo/. 

Rhenish  Germany. — ^West  of  the  Nassau  lodes,  in  the  re- 
gion lying  north  of  the  Rhine,  between  Coblentz  and  Cologne, 
as  well  as  in  the  hilly  district  between  the  latter  town  and  that 
of  Aix-la-Chapelle,  along  the  western  outcrop  of  the  strata  con- 
taining the  Nassau  lodes,  lie  the  lead  mines  of  Rhenish  Germany. 
Near  Olpe,  in  Westphalia,  are  eight  principal  E.  and  W.  lodes, 
with  many  branches,  the  galena  containing  80  ounces  of  silver  to 
the  ton.  The  total  yield  of  lead  in  the  old  Prussian  kingdom, 
in  1851,  was  7,195  tons,  and  of  silver  26,493  lbs.  troy.  The 
present  total  annual  production  of  lead  in  the  German  Empire 
may  be  estimated  at  50,000  tons. 

Spain. — Before  we  proceed  farther  west,  we  had  better  take 
a  run  southward  into  this  old  lead-mining  country.  The  mines 
of  Spain  were  described  by  Pliny,  and  the  Romans  worked 
mines  of  lead,  silver,  and  copper  along  the  southern  slopes  of 
the  Sierra  Nevada.  The  mines  flourished  under  the  rule  of  the 
Moors,  and  declined  after  their  expulsion.  In  these  early 
workings  the  appliances  were  of  a  rude  and  ineffective  kind,  so 
that  much  lead  was  left  in  the  slag  after  smelting;  from  which, 
of  late  years,  it  has  been  profitably  extracted. 

On  the  discovery  of  the  rich  mineral  treasures  of  Spanish 
America,  a  rush  was  made  from  Spain  to  that  country,  so  that 
the  mineral  resources  of  the  old  country  were  much  neglected.  Of 
necessity,  the  mines  of  mercury,  near  Almaden,  were  worked  in 
order  to  fiunish  a  supply  for  the  reduction  of  the  ores  from 
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America.  Mining,  together  with  other  branches  of  industry, 
languished  during  the  Peninsular  War ;  and  it  was  not  until 
after  the  issue  of  a  royal  decree  by  Ferdinand,  which  opened 
the  mines  of  the  country  to  all  nations,  that  a  revival  took 
place.  The  effect  of  this  revival  may  be  judged  from  the  facts 
chat  in  1826  more  than  3,000  mines  had  been  opened  in  the 
Sierras  of  Gado  and  Laja,  and  that  in  the  year  1828  the  total 
annual  production  of  lead  ore  in  the  country  had  reached 
42,000  tons. 

The  principal  lead-producing  districts  have  been — that  of 
Gado,  in  Andalusia,  just  mentioned  ;  the  Sierra  of  Almagrera ; 
the  country  between  Carthagena  and  Almeria;  and  that  of 
Linares,  in  the  province  of  Jaen. 

The  deposits  of  Andalusia  are  not  true  veins,  but  large 
amygdaloidal-shaped  masses  of  galena.  They  are  contained 
in  metamorphosed  limestones  of  probably  Cambro-Silurian  age, 
answering  very  likely  to  the  Llandeilo  limestone  of  this  country. 

The  mines  of  the  Sierra  de  Almagrera  are  worked  in  mica- 
ceous slate,  which  is  interstratified  with  beds  of  trap  and 
porph]rry,  an  horizon  a  little  lower  than  that  of  Andalusia,  and 
answering  to  the  position  of  the  Shropshire  lead  mines.  These 
deposits  occur  in  pockets  and  bimches  along  the  line  of 
bedding,  and  die  out  in  depth,  but  would  probably  be  renewed 
if  they  were  followed  downwards  into  congenial  strata.  In  the 
upper  portion  of  these  deposits  lead  takes  the  form  of  sulphate, 
in  which  silver  is  most  abundant,  reaching  a  proportion  of  from 
130  to  180  ounces  to  the  ton.  In  depth  the  sulphate  gives 
place  to  the  sulphide  of  lead— galena,  and  the  oxide  of  iron 
that  prevails  near  the  surface  is  replaced  by  the  carbonate  of 
that  metal  Generally  speaking,  the  ores  of  the  Carthagena 
district  are  of  poor  quality,  rnd  are  much  mixed  with  blende 
and  pyrites.  Not  lying  deep  they  admit  of  being  worked 
cheaply,  and  with  modem  methods  of  separating  the  silver  at 
little  cost  from  the  lead,  and  improvements  in  the  construction 
of  furnaces,  they  may  be  worked  to  a  profit 

Linares '  is  an  important  lead-mining  district,  and  one  that, 

'  Notes  on  the  Lead  Mining  District  ofLinares^  by  Joseph  Lee  Thomas. 


LEAD  MINING  DISTRICT  OF  LINARES.  217 

judging  from  the  numerous  excavations  found  there,  was  much 
worked  by  the  ancients.  The  mining  area  is  about  14  miles 
long  from  east  to  west,  by  12  miles  broad  from  north  to  south. 
The  town  of  Linares  lies  on  the  south,  and  the  northern 
boundary  is  the  road  leading  from  Madrid  to  Seville.  The 
basement  rock  of  this  area,  and  lying  in  the  south-west  comer, 
is  a  compact  granular  felspathic  rock,  slightly  micaceous.  This 
is  covered  by  a  quartzose  ferruginous  sandstone,  which  in  its  turn 
is  overlaid  by  a  series  of  clayey  slates,  the  whole  being  capp;ed 
with  a  quartzose  ferruginous  sandstone,  like  that  resting  upon  the 
granite.  The  strata  dip  to  the  north-east,  and  the  whole  series 
is  traversed  by  granular  felspathic  dykes  and  veins. 

The  metalliferous  veins  traverse  the  whole  series.  There 
are  about  thirty  of  them,  and  they  range — for  the  most  part 
parallel  to  each  other,  between  40°  and  70°  east  of  magnetic 
north,  with  an  underlie  to  the  north-west,  when  they  do 
deviate  from  the  perpendicular.  Their  average  width  is  about 
3  feet,  but  they  contract  down  to  one,  and  open  out  into  lodes 
12  feet  wide.  The  earthy  filling  of  the  most  productive  lodes 
is  the  decomposed  granular  felspar,  traversed  by  veins  of 
quartz,  and  containing  in  places  much  sulphate  of  baryta.  At 
a  depth  of  from  forty  to  fifty  fathoms,  carbonate  of  lime  and 
calcareous  spar  prevail,  and  are  arranged  in  parallel  layers  on 
the  walls  of  the  lodes.  Of  metallic  minerals,  carbonates  of 
lead,  copper  pyrites,  and  the  carbonates  and  oxides  of  copper 
prevail  near  the  surface,  but  in  depth  these  give  place  to  galena. 
When  rich  bunches  of  ore  occur  in  the  hard  granular  rock, 
they  soon  cut  out,  the  ore  being  most  plentiful  in  soft  granular 
rock,  where  the  felspar  is  large  grained,  white  in  colour,  and 
easily  decomposed.  In  the  clay  slates  the  ore  is  more  plentiful 
in  those  of  a  light  blue  colour  of  a  moderate  consistency,  than 
in  those  of  a  sandy  or  flinty  character.  The  ore  is  more  per- 
sistent in  the  perpendicular  lodes,  and  becomes  bunchy  and 
irregular  as  they  incline  to  a  horizontal  direction.  Sulphate  of 
lead  is  more  common  in  the  sandstone  capping,  and  arsenical 
pyiites  prevail  more  in  the  slates  than  in  the  granular  rock. 

The  lodes  have  been  followed  downwards  for  over  200 
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yards ;  some  of  them  are  worked  by  English  companies,  one  of 
whichy  the  Linares,  has  returned  to  the  shareholders  l^L  jx.  lo^. 
for  each  3/.  share  subscribed,  and  the  AlamiUos  has  returned 
i/.  i8x.  3^.  on  each  2/.  share. 

Numerous  old  lead  mines  are  found  near  Homachos,  in  tht 
province  of  Badajoz,  in  Western  Spain.  Some  of  these  have 
been  taken  by  an  English  company,  but  ^  yet  they  have  not 
reached  a  successful  issue.  Samples  of  lead  from  these  mines 
of  ordinary  percentage  have  assayed  80  to  100  ounces  of  silver 
to  the  ton  of  ore.  In  the  year  1878  we  imported  into  this 
country  from  Spain  and  Portugal  78,380  tons  of  pig  and  sheet 
lead,  and  1881  tons  of  ore.  Taken  with  the  home  consump- 
tion, therefore,  the  total  annual  production  of  lead  ore  in  these 
countries  may  be  estimated  at  130,000  tons. 

Algeria. — ^The  silver  lead  mines  of  Kefoun  Teboul,  near 
La  Calle,  raised  12,173  tons  of  ore  in  the  year  ending  July  31, 
1877. 

France.^ — ^The  lead  mining  districts  of  France  may  be 
classified  thus  :  Those  of  Savoy  and  the  High  Alps  ;  the  east 
of  France ;  the  south-east,  comprising  the  Low  and  Maritime 
Alps,  and  the  Pyrenees  ;  the  Central  Mountains  ;  and  the  west 
of  France.  The  geological  position  of  the  mines  in  the  High 
Alps  is  similar  to  that  of  Isfere,  described  already  in  the  chapters 
on  silver. 

The  principal  lead  mines  of  the  country  are  probably  those 
of  Pontgibaud,  in  the  Puy-de-Ddme,  in  Central. France.  The 
veins  here  have  a  NE.  and  SW.  tendency,  and  they  traverse 
slates,  passing  downwards  into  gneiss  and  granite.  The  matrix 
of  the  lodes  contains  a  good  deal  of  felspar  with  courses  of 
sulphate  of  barjrta,  especially  near  the  surface.  The  metallic 
ores  occur  in  pillars  or  columns  holding,  usually,  in  depth,  but 
separated  from  each  other  horizontally. 

The  mines  of  Poullaouen  and  Huelgoat  in  Vendee  were 
formerly  of  much  importance.  There  are  three  principal  veins 
running  22*  west  of  north.  One  of  these  has  been  traced  for 
over  a  mile  in  length,  and  they  have  all  been  worked  to  a  depth 

*  Mines  MAalliques  de  la  France^  M.  Alfred  Caillaux. 
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of  about  350  yards.  They  are  filled  with  argillaceous  rock 
Hke  that  of  the  couDtry,  through  which  are  threaded  veins  of 
quartz.  The  metallic  minerals  are  silver  galena  with  silver  and 
blende.  The  veins  traverse  slaty  rocks,  interstratified  with 
quaitzites  and  porphyries. 

Many  remains  of  old  silver-lead  mines  are  found  in  Bretagne. 

M.  Cailloux  estimates  the  total  production  of  lead  from 
mines  spread  over  the  districts  enumerated  at  14,741  tons  a 
year.  A  description  of  the  famous  mines  of  La  Baume,  near 
the  town  of  Villefianche,  in  the  Department  of  Aveyron,  will 
be  foimd  on  page  439. 

Belgium, — Lead  is  mined  to  a  small  extent  in  Belgium.  At 
La  Nouvelle  Montague,  near  Verviers,  the  ore  occurs  in  pear- 
shaped  masses  and  cavities,  which  range  over  and  on  a  line  with 
fissures  in  the  Carboniferous  limestone.  The  galena  is  mixed 
with  blende,  which,  together  with  calamine,  forms  the  most 
important  ore  at  the  mine ;  the  deposits  will  be  more  fully 
described  in  the  chapters  on  zinc  ores.  About  10,000  tons  of 
lead  ore,  on  the  average,  are  raised  annually  in  Belgiiun ;  the 
production  for  1876,  however,  reaching  as  high  as  12,432  tons. 

Norway. — In  Susendalen,  North  Norway,  lead  ore  contain- 
ing 150  ounces  of  silver  to  the  ton  occurs  in  clusters  of  thin 
veins  that  traverse  a  pale-coloured  limestone  of  probably 
Cambro-Silurian  age  firom  NW.  to  SK 

In  the  south  of  the  country,  on  the  west  side  of  Christiana 
Fiord,  a  great  mass  of  granular  felspathic  rock  is  impregnated 
with  lead  ore  to  the  proportion  of  20  per  cent  of  the  mass, 
and  the  ore  contains  50  ounces  of  silver  to  the  ton.  In  the 
same  neighbourhood  lead  ore  rich  in  silver  occiurs  in  true  lodes 
that  traverse  chloritic  slaty  rocks  from  NW.  to  SK 

Of  the  other  countries  of  Europe  the  island  of  Sardinia 
pioduces  lead  annually  to  the  extent  of  about  33,000  tons,  and 
Greece  8,000  tons. 

In  the  latter  country  the  lead  is  said  to  be  derived  chiefly 
by  the  resmelting  of  old  slags,  and  to  contain  firom  16  to  30  ozs. 
of  silver  to  the  ton. 
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CHAPTER  XXIV. 

LEAD — continued. 

liead  Mines  of  the  British  Isles — Statistics — Lead  Mines  of  Shropshire— 
Montgomeryshire — The  Van — Cardiganshire— Brief  History  of  the 
Lead  Mines  of  Cardiganshire,  and  Modes  of  Occurrence  of  the  Ores. 

The  total  annual  production  of  lead  ore  in  Great  Britain  and 
Ireland,  for  the  three  years  ending  December  1877,  was  79,231 
tons.  The  production  for  1877  reached  80,850  tons.  In  1890 
it  was  only  45,65 1  tons.  The  rocks  and  strata  whence  this  great 
quantity  of  ore  was  derived  belong  to  three  distinct  zones, 
which  are,  beginning  with  the  lowest :  first,  the  Cambro-Silurian 
strata  of  Shropshire,  Cornwall,  Wales,  Scotland,  Ireland,  and 
the  Isle  of  Man  ;  secondly,  the  Devonian  strata  of  Devonshire, 
and  possibly  of  part  of  Cornwall ;  and,  thirdly,  the  Carboni- 
ferous limestone  of  the  Pennine  chain  and  of  North  Wales.  I 
will  begin  my  description  of  the  British  lead  ore  deposits  by 
describing  those  of  the  Cambro-Silurian  strata  of  Shropshire 
and  North  Wales. 

Shropshire,^ — The  lead  mining  district  of  this  county  lies 
in  its  south-west  comer,  bordering  on  Montgomeryshire.  It  is 
small  in  extent,  forming  a  strip  of  ground  about  four  miles  wide, 
lying  between  the  range  of  the  Stiper  Stone  hills  on  the  SE., 
and  the  road  from  Minsterley  to  Bishop's  Castle  on  the  NW., 
and  extending  from  the  former  place  on  the  NE.  about  seven 
miles  towards  the  latter  on  the  SW. 

It  is  a  district  of  considerable  historical  importance— the 
Roman  Gravels  Lead  Mine,  at  present  one  of  the  most  pro- 

'  See  also  Morton,  *  Mineral  Veins  of  Shelve,*  Proceedings  of  Liverpool 
Geological  Society ^  1868-9  \  also  *  Roman  Mining  Operations  on  the  Bor- 
ders of  Wales,*  T.  Wright,  Intellectual  Observer^  vol.  i.  1862. 
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ductive  mines  of  the  district,  deriving  its  name  from  the  old 
surface  workings  left  by  the  Romans.  These  old  workings  now 
appeal  as  open  trenches,  rounded  by  time,  that  extend  aloi^ 
the  hillside  following  the  course  of  die  reins.  In  some  places 
these  trenches  are  now  ao  feet  deep.  Roman  mining  tools  are 
occasionally  found,  and  a  Roman  pig  of  lead  was  obtained  from 
the  bottom  of  the  Roman  vein.  Another  was  found  at  Snail- 
beach,  the  chief  mine  of  the  district,  and  another  at  Snead.  All 
of  these  bore  the  mark  of  the  Emperor  Hadrian.  Those  from 
Snailbeach  and  Snead  are  in  the  museum  at  Liverpool.  The 
mines  seem  also  to  have  been  worked  in  the  twelfUi  and  thir- 
teenth centuries.  The  slag  left  by  these  old  workers  still  con- 
tains a  quantity  of  lead. 


The  geological  structure  of  the  district  is  illustrated  by  the 
general  section  given  in  fig.  80,  which  stretches  across  the 
SW,  portion  of  the  mining  area.  The  strata  described  in  the 
section  are  the  easterly  continuation  of  the  great  Cambrian  and 
Cambro- Silurian  groups  of  rocks  in  North  Wales — the  Stiper 
Stones  probably  answering  to  the  Greenstone  that  lies  at  the 
base  of  the  Arenig  strata.  The  whole  of  the  strata  are  traversed 
by  veins  that  have  a  general  direction  from  WNW.  to  ESE. 
There  are,  however,  others  which  have  an  opposite  course,  but 
the  direction  given  is  that  of  Che  most  productive  lodes.  For 
the  most  part  the  veins  are  simple  fissures  in  the  strata,  some 
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lying,  but  probably  not  to  any  great  extent,  along  lines  of 
dislocation. 

The  mineral  contents  of  the  veins  vary  as  the  latter  traverse 
strata  of  different  ages.  In  the  Cambrian  rocks  of  the  Long- 
mynd,  on  the  SK  of  the  section,  and  the  strata  lying  up  to 
the  Stiper  Stones,  they  contain  copper.  In  portions  of  the 
Arenig  and  Llandeilo  beds,  the  deposits  of  lead  are  found,  and 
in  the  overlying  Bala  group  they  are  almost  solely  charged  with 
baryta,  which  is  largely  worked  in  the  district  As  we  pass 
into  the  counties  of  Montgomery  and  Cardigan  we  shall  see 
that  the  lead  mines  range  along  the  anticlinals,  where,  as  shown 
in  the  section,  at  the  point  where  the  Roman  Gravels  Mine  is 
situated,  the  Llandeilo  beds  are  thrown  up  to  or  near  the 
surface. 

The  lead-bearing  strata,  4  4,  are  about  5,000  feet  thick. 
They  consist  of  dark  slaty  beds,  sandstones,  and  shales,  which 
are  traversed  by  greenstone  and  felspathic  dykes,  and  contain 
interstratified  trap  and  porphyritic  rocks.  The  veins  are  most 
productive  of  ore  in  the  hardish  slates ;  they  are  pinched  in 
very  hard  strata,  and  become  unproductive  when  they  enter 
soft  shale.  There  are  three  principal  interstratifications  of 
shale,  which  thus  divide  the  runs  of  ore  into  four  portions  or 
floors,  as  they  are  locally  called. 

The  veins  are  chiefly  filled  with  fragments  of  the  rocks 
through  which  they  pass,  cemented  together  with  sulphate  of 
bar3rta,  carbonate  of  lime,  and  quartz.  The  lodes  at  the  Snail- 
beach  Mine  present  some  massive  groups  of  crystals  of  the 
latter,  with  galena  and  blende  grouped  about  the  base.  Fluor- 
spar is  also  found  in  the  lodes  of  this  mine  in  sufficient 
quantity  for  sale.  In  most  of  the  lodes,  the  galena  and  blende 
lie  in  irregular  strings,  which  now  and  then  open  out  into  nests 
of  ore.  In  their  rich  portions,  some  of  the  veins  now  yield 
3  tons  of  lead  ore  to  the  fathom,  but  most  of  them,  for  long 
distances,  do  not  average  more  than  15  cwt. 

The  richer  orey  portions  of  the  lodes  occur  as  columns, 
runs,  or  pipes  of  ore,  and  fig.  81,  adapted  from  Moissenet,' 

*  Ann,  (Us  Mines  (6),  9,  p.  10. 
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lepresents  a  longitudinal  section  of  a  lode  at  Snailbeach,' 
and  shows  the  relative  width  of  these  to  the  unproductive 
ground.  In  this  case,  however,  &e  courses  of  ore  correspond 
to  the  floors  in  mines  where  the  strata  lie  more  hoiizontalljr. 
These  courses  are  really  '  floors  *  tilted  up  at  a  high  angle,  the 
dip  of  the  shoots  corresponding  to  the  angle  made  by  the 
intersection  of  the  lode  dipping  62°  from  the  horizon  south- 
ward, and  the  dip  of  the  strata  50°  from  the  horizon  to  the 
south-west  These  shoots  of  ore  have  in  this  mine  been  followed 
downwards  to  a  depth  of  500  yards. 

Id  1890  there  were  eight  lead  mines  in  this  district     The 
returns  of  lead  ore  dressed  up  to  an  average  of  75  per  cent 


Tin  Run  or  a  Lodi 


lead  from  these  mines  amounted  to  2,101,  tons,  of  a  value  at 
the  mines  of  19,571/.  There  was  no  silver  paid  for  in  the  ore, 
and  the  greatest  producers  were  the  Roman  Gravels,  with  874 
tons,  and  Snailbeach,  with  i,zoo  tons. 

Montgomeryshire. — In  the  north-west  comer  of  this  county 
there  is  a  small  lead-producing  district  immediately  surrounding 
the  vill^e  of  Llangynog.  The  'Old  Mine,'  commercially 
known  as  the  New  Llangynog  Mine,  has  been  in  work  about 
r5o  years,  and  in  1876  it  yielded  176  tons  of  ore,  with  400 
ounces  of  silver.  Besides  this  mine,  there  is  the  CraigyMwyn, 
an  old  mine  now  called  Llanrhaiadr,  another  called  Cwm  Orog, 
and  several  other  trials,  and  for  the  present  abandoned  mines. 
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These  mines  are  all  worked  in  the  Arenig  and  Llandeilo  beds 
of  the  Cambro-Silurian  strata.  Fig.  82  is  an  illustration  of 
the  order  and  position  of  these  beds  at  this  point,  and  I  give 
it  for  the  purpose  of  assisting  us  to  understand  the  structure  of 
the  Van  district,  some  thirty  miles  to  SW.,  along  the  strike 
of  these  beds.  The  earthy  minerals  of  the  Llangynog  lodes 
consist  largely  of  the  carbonates  and  sulphates  of  baryta,  with 
carbonate  of  lime,  and  some  quartz.  The  lodes  vary  greatly 
in  thickness.  I  have  measured  the  one  formerly  worked  at 
Cwm  Orog,  12  feet  wide,  where  immediately  below  it  has 
dwindled  down  to  a  thread.  At  all  the  mines  the  lodes  have 
been  most  productive  in  the  hard  rocks,  especially  in  the  por- 
phyritic  rock,  where,  occasionally,  there  has  been  two  feet  of 
solid  ore.     When  the  lode  passes  into  slate  rock  it  is  not  so 


Fig.  82.— Section  of  Strata  at  Llangynog,  North  Wai.es. 

'•  Bala  Limestone,  a  2,  Bala  ash.  33.  Interstratified  trap  rocks.  444,  Slate  rocln 
(Llandeilo  bedsi  6  6,  Arenig  beds,  a.  Lode  at  New  Llangynog.  a'  Lode  at  Bwkh 
Creolas  (unproauctive). 

productive,  and  when  into  shale  it  is  impoverished.  In  the 
old  Rhiwarth  mine  a  good  deal  of  blende  and  some  sulphide 
of  copper  are  associated  with  the  lead  ore  which  also  contains 
a  good  proportion  of  silver,  and  occurs  chiefly  in  ribs  and 
strings  on  the  heading  side  of  the  lodes.  As  in  Shropshire,  the 
lodes  are  barren  when  they  pass  upwards  into  the  Bala  beds, 
and  of  this  the  Bwlch  Creolas  lode  on  the  SE.  of  the  section 
is  an  example. 

In  their  progress  southward  toward  Llanidloes  we  find  the 
porphyries  and  greenstones  of  the  Arenig  and  Llanidloes  beds 
losing  their  massive  and  partially  igneous  character,  but  it  is  in 
the  solid  massive  slaty  beds,  that  there  take  their  place,  that 
the  lodes  are,  as  we  shall  see,  most  productive  of  ore. 

As  late  as  the  beginning  of  the  present  century  the  Rev. 
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Walter  Davies,  in  his  *  Report  on  North  Wales/  expressed  the 
opinion  that  the  Plynlimmpn  or  Severn  range  of  hills  in  all  proba- 
bility contained  but  few  ores  of  metals,  and  that  it  seemed  to 
be  the  most  unpromising  of  all  ranges  for  mine  adventurers. 
Recent  mining  operations  have  shown  that,  shrewd  observer 
as  he  was,  in  relation  to  a  portion  of  the  range  he  was  mistaken 
in  this  opinion. 

The  veins  of  the  Llanidloes  district  have  a  general  east  and 
west  direction,  with  a  dip  to  the  north.  The  principal  lode  is 
now  known  as  the  Van,  and  operations  have  been  made  on  this 
lode  during  the  present  century.  At  least  six  mines  have  been 
started,  renewed,  and  abandoned.  The  Van  property  was 
leased  from  Earl  Vane  in  the  year  1850.  After  two  years'  un- 
successful search  for  the  lode  in  a  profitable  condition  it  was 
abandoned.  Working  was  recommenced  after  two  years'  idle- 
ness, when  Captain  Williams,  of  a  neighbouring  mine,  discovered 
a  richer  portion  of  the  lode  by  costeaning.  Another  three 
years'  operations  brought  no  satisfactory  result,  and  the  mine 
was  again  near  abandonment  Two  men  were,  however,  kept 
at  work,  and  in  1862  a  winze  that  was  being  sunk  cut  the  lode 
where  it  showed  good  spots  of  ore.  This  discovery  led  to  the 
driving  of  a  cross-cut,  which,  at  a  distance  of  150  yards  from 
day,  cut  the  lode  in  a  productive  state,  at  a  depth  of  60  yards 
from  the  surface.  In  April  of  the  next  year  the  first  parcel  of 
ore  of  40  tons  was  sold,  and  from  that  date  the  mine  has  been 
one  of  the  most  successful  in  the  kingdom.  Its  production  of 
lead  ore  m  1876  was  6,850  tons,  which  also  gave  5,136  ozs.  of 
silver,  and  in  1890,  450  tons,  containing  3,965  ozs.  of  silver. 

Fig.  83  is  a  cross  section  of  the  lode,  and  of  the  way  in 
which  it  is  approached,  as  well  as  of  the  strata  it  traverses.  It 
is  a  monster  lode,  varying  in  width  from  12  feet  to  80  feet.  It 
is  largely  filled  with  the  redeposited  material  of  the  surrounding 
rock,  which  is  traversed  by  veins  of  calcareous  spar,  quartz, 
and  baryta.  The  ore  is  sometimes  distributed  throughout  the 
whole  mass  in  small  bunches  connected  by  strings,  and  some- 
times it  is  most  abundant  near  to  one  or  other  walls  of  the  lode, 
chiefly  the  lower  or  heading  side ;  but  it  is  seldom  present  io 
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force  on  both  sides  at  the  same  time.     It  will  be  seen  by  s 


Dark  .CfreyC^ 


id   Utyen  Dh    heulutt 

ihrouchaut  (he  nuuit  of 
■llatdruck. 


reference  to  the  section,  fig.  83,  that  for  so  fathoms  from  the 
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surface  the  lode  traverses  dark  soapy  shale,  and  it  is  not  very 
productive,  the  lode  being  filled  with  day  and  occasional  stones 
of  ore.  From  this  point  down  to  75  fiithoms,  as  the  lode 
traverses  blue  slaty  rock,  the  upper  part  of  the  lode  is  also  filled 
with  clay  (flucan),  and  the  lower  part  is  more  solid  and  contains 
ore.  The  flucan  thins  out  like  a  wedge  and  dies  away,  leaving 
a  solid  lode.  From  75  to  105  fethoms  the  lode  traverses  a  blue 
compact  slaty  rock,  a  little  calcareous  in  places,  and  arenaceous 
in  the  lower  part  Here  the  lode  contains  crystals  of  calca- 
reous spar  and  quartz,  and  in  this  portion  of  it  the  lead  ore  con- 
tains most  silver.  Taking  it  all  through  it  is  not  a  very  rich 
lode,  but  there  is  plenty  of  it  to  cut  at,  and  the  appliances 
above  ground  are  very  efficient 

Another  great  mine,  the  Dylefe,  lies  westward,  on  the  borders 
of  Cardiganshire.    Its  output  in  1876  was  1,000  tons  of  lead  ore. 

In  1876  there  were  37  lead  mines  in  the  county,  of  which 
13  only  made  returns  of  ore,  amounting  to  9,041  tons.  In 
1890  there  were  only  two,  producing  617  tons  of  dressed  ore, 
value  5,775/.,  and  containing  4,768  ounces  of  silver. 

Cardiganshire, — ^Journeying  westward  we  reach  the  old  and 
important  lead  mining  district  of  Cardiganshire.' 

The  discovery  of  oval-shaped  dressing  stones  in  the  old 
open  workings  at  Cwmystwith  Mine  point  to  a  high  antiquity, 
and  it  is  probable  that  some  of  the  mines  were  worked  by  the 
Ancient  Britons.  It  seems  pretty  certain  that  they  were  worked 
by  the  Romans.  We  do  not,  however,  know  anything  defi- 
nitely about  them  until  the  reign  of  Queen  Elizabeth,  who 
procured  from  Germany  two  miners,  named  Thurland  and 
Hochsetter,  to  whom  she  gave  great  privileges.  Subsequently 
these  were  extended  to  the  'Society  of  Mines  Royal,'  who  ulti- 
mately sublet  the  mines  opened  and  worked  by  them  to  Sir 
Hugh  Myddelton,  who  worked  them  with  great  vigour  and 
success.  He  accumulated  a  large  fortune,  but,  like  many  other 
men  of  an  engineering  tiim  of  mind,  he  spent  it  all  in  the 

'  See  <  Notices  of  the  History  of  the  Lead  Mines  of  Caidiganshixe,'  by 
Robert  Hunt,  Menmrs  of  the  Geological  Survey  of  Great  Britain^  vol.iu 
part  2 ;  also  '  The  Mining  District  of  Cardiganshire,*  by  Warington  W. 
Smyth,  in  the  same  volume. 

Qa 
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prosecution  of  another  enterprise,  which,  in  his  case,  was  the 
bringing  of  the  New  River  to  London.  The  presence  of  a  large 
proportion  of  silver  led  to  the  establishment  of  a  mint  at  the 
silver  mills  in  the  district  A  Mr.  Bushell  next  took  the  mines, 
and  spent  the  proceeds  in  the  defence  of  Charles  I.  The 
Esgair  Hir  and  adjacent  mines,  now  known  as  the  Cambrian, 
were  discovered  in  1690.  For  the  working  of  these  mines  a 
'Mine  Adventure'  was  established  in  1698  with  a  capital  of 
20,000/.  A  noticeable  feature  of  this  scheme  was  tliat  one- 
twelfth  of  the  profits  were  to  be  devoted  to  charitable  uses^ 
especially  for  the  building  of  schools  in  Wales ;  but  it  does  not 
seem  that  much  money  could  ever  be  spared  for  these  purposes. 
This  mine  adventure  attracted  much  attention  between  the 
years  1710-20,  and  it  appears  that  the  promoters  got  them- 
selves into  difficulty  with  their  650  shareholders.  We  next  find 
some  adventurers  from  Flintshire  working  the  Darren  Mine 
with  some  others,  and  then  little  is  known  of  the  Cardiganshire 
mines  until  an  account  of  the  state  of  mining  in  the  county  in 
the  year  18 10,  with  a  list  of  30  rtiines,  was  published  by  Sir 
Samuel  Rush  Meyrick. 

The  Cardiganshire  lead  district  extends  from  the  SW. 
boundary  of  Montgomeryshire,  where  it  joins  the  mineral 
district  of  that  county,  south-westward  to  the  sea  in  Cardigan 
Bay.  It  consists  of  several  roughly  parallel  mineral  zones, 
running  in  the  same  direction,  and  which  correspond  to  the 
strike  of  the  Llandeilo  strata,  as  these  come  in  anticlinal  curves 
to  the  surface  in  the  manner  shown  and  explained  in  the 
Shropsliire  section,  fig.  80,  at  the  Roman  Gravels  Mine :  the 
barren  belts  of  ground  between  these  zones  being  for  the  most 
part  troughs  or  synclinal  curves,  filled  with  Bala,  Llandovery, 
and  Wenlock  strata.  These  zones  may  be  briefly  described 
thus^  beginning  on  the  north-west  and  coming  back  eastward : 
the  first  belt  consists  of  the  range  of  hills  that  skirt  the  south 
side  of  the  estuary  of  the  Dovey,  in  which  are  the  mines  of 
Taliesin,  Tre'rddol,  Bryn  yr  Arian,  Talybont,  and  others.  The 
bulk  of  the  galena  of  this  zone  does  not  contain  much  silver. 
It  has  a  little  blende,  and  some  copper  pyrites. 
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The  second  belt  runs  at  some  little  distance  along  the  SK 
side  of  the  first,  and  is  the  one  of  most  historic  wealth  and 
importance,  being  associated  with  the  labours  of  Sir  Hugh 
Middleton.  It  contains  a  long  series  of  mines,  in  some  of 
which  the  proportion  of  silver  reaches  40  ounces  to  the  ton. 
Fig.  84  illustrates  the  position  of  the  mines  along  this  belt,  and 
I  shall  have  to  refer  to  it  presently  in  relation  to  productive 
depths. 

The  third  zone  runs  from  the  Devil's  Bridge  along  the 
course  of  the  RheidoL  It  contains  the  Llewemog,  Powell, 
Consols,  and  other  mines.  For  the  most  part  the  lodes 
here  occur  in  a  grey  argillaceous  rock,  and  become  poor 
in  soft  fissile,  dark  slate.  The  lodes  vary  much  in  charac- 
ter, some  being  distinguished  for  silver,  others  for  blende, 
and  others  for  iron  pyrites;  manganese  is  also  sometimes 
present 

The  fourth  zone  runs  firom  the  centre  of  Plynlimon  down 
to  Lampeter.  It  contains  the  mines  of  Esgair  y  Mw3m  and 
Loganlis.  Some  of  the  lodes  contain  calcareous  spar  and  zinc 
ores.  To  the  SE.  is  the  silver  lead  lode  of  Llanfair  Clydogan. 
The  higher  rocks  partly  cover  this  belt 

The  fifth  belt  ranges  from  the  east  side  of  Plynlimmon.  In 
its  extension  N£.  into  Montgomeryshire  are  the  mines  of 
Uanbrynmair  and  Dylefe.  In  the  southern  part  of  the  belt 
the  slaty  rocks  have  frequent  interstratifications  of  sandy 
matter.  The  lodes  of  this  belt  contain  an  appreciable  quantity 
of  copper  pyrites. 

The  lodes  range  from  £N£.  to  WSW.,  but  this  direction 
is  so  varied  by  cross  courses  and  other  causes  as  to  assume, 
especially  in  die  smaller  lodes,  a  zigzag  shape.  Most  of  the 
productive  lodes  are  within  a  few  degrees  of  this  direction. 
Among  the  few  exceptions  are  the  NW.  and  SE.  lode  of  the 
old  Taliesin  Mine,  the  WNW.  Comet  lode  of  Cwmystwith 
together  with  a  few  that  have  a  true  meridional  direction.  The 
lodes,  with  few  exceptions,  dip  to  the  north. 

The  amount  of  inclination  or  dip  is  very  great — 60  to  80 
degrees  from  the  horizon.    The  Comet  lode  at  Cwmystwith  is 
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flatter,  30  to  40  d^ees,  and  it  is  observable  that  in  this  case 
the  lode  does  not  deteriorate,  as  it  assumes  a  flatter  dip,  the 
strata  probably  being  favourable. 

The  gangue  of  the  lodes  consists  primarily  of  quartz  of 
different  varieties,  with  which  are  intermixed  fragments  of  the 
adjacent  slate  rock.  Next  to  quartz,  calcareous  spar  prevails 
in  the  lodes — a  remarkable  lode,  consisting  chiefly  of  carbonate 
of  lime,  occurring  in  the  bed  of  the  river  Ystwith  at  Pontrhyd- 
y-Groes.  It  occurs  also  in  large  ribs  at  H£nfwlch  and  Esgair 
Hir,  where  ores  of  copper  and  zinc  occiu:  with  those  of  lead. 

There  are  the  usual  disturbances  of  the  lodes  by  horses^ 
cross  courses,  ramifications,  and  the  like,  and  the  principal 
lodes  are  oflen  accompanied  by  riders  and  small  adjacent  lodes, 
which  are  of  a  subsequent  age. 

Galena  is  the  most  abundant  lead  ore  in  the  lodes.  It 
occiurs  occasionally  in  solid  ribs  and  masses  of  pure  ore,  but 
oflener  in  network  and  strings,  and  intimately  mixed  up  with 
the  non-metallic  contents  of  the  lodes. 

Lead  ore  is  most  abundant  where  the  quartz  of  the  lode  is 
of  a  cellular,  drusy,  and  friable  nature,  and  is  usually  poor  when 
the  quartz  is  massive  and  solid,  and  also  when  there  is  an 
absence  of  quartz  and  calcareous  spar  from  the  lode.  When 
calcareous  matter  abounds,  copper  ore,  as  carbonate,  is  often 
found  Iron  pyrites  is  also  abundant  in  such  conditions,  as  in 
some  of  the  Ystumtyn  lodes.  Copper  pyrites  is  also  irregularly 
sprinkled  with  galena,  especially  near  the  surface,  but  it  is 
seldom  found  in  quantities  suflident  to  pay  for  extraction.  A 
good  mass  of  it  in  a  pure  state  was  found  some  years  ago  in 
the  old  Tre'rddol  Mine,  and  several  parcels  of  50  tons  or 
so  have  recently  been  sold  from  Esgair  Ffraith  Mine,  but  there 
is  no  example  in  the  district  of  copper  having  been  persistently 
profitably  worked. 

Both  carbonate  and  phosphate  of  lead  are  occasionally 
found,  the  former  near  the  surface,  the  result  probably  of  the 
percolation  of  water  charged  with  carbonic  acid.  The  latter 
occurs  as  minute  crystals,  which  are  the  result  of  the  contact 
of  the  galena  with  organic  matter  in  a  state  of  decomposition. 
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The  most  abundant  metallic  associate  of  the  galena  is  black 
jack  or  blende.  Calamine  is  also  found,  but  not  in  merchant- 
able quantities. 

Lead  ore  is  most  abundant  where  the  lodes  traverse  com- 
pact, thick-bedded,  slaty  rock  of  a  bluish  or  greenish  grey  colour 
and  a  soapy  feel.  They  become  impoverished  when  this  is 
exchanged  for  soft  shaly  strata  or  gritty  sandy  beds.  In  the 
softer  strata  the  lodes  become  indistinct  and  disordered.  This 
feet  formerly  led  to  the  supposition  that  the  lodes  of  the  district 
did  not  bear  in  depth.  Gradually,  however,  these  softer  beds 
have  been  pierced,  and  harder  strata,  in  which  the  lodes  again 
became  productive,  have  been  found  below. 

The  lodes  consisting  chiefly  of  re-formed  country  rock 
without  much  carbonate  of  lime,  are  poor  in  lead  ores.  They 
are  too  *  countryfied,'  as  the  miners  say.  The  presence  of 
carbonate  of  lime  in  moderate  quantities  as  sugary  spar  is 
fevourable  for  the  production  of  ore. 

The  ore  bodies  have  a  general  dip  towards  the  west,  and 
where  the  strata  are  favourable  they  are  more  continuous  ver- 
tically than  horizontally. 

In  the  year  1877  there  were  69  lead  mines  in  Cardigan- 
shire, of  which  31  made  returns  of  ore,  amounting  in  the  aggre- 
gate to  5,850  tons,  from  which  were  derived  47,284  ounces  of 
silver,  or  about  an  average  of  8  ounces  to  the  ton.  The  mines 
most  productive  of  silver  were,  Great  Darren  26  ounces,  and 
Goginan  and  Level  Newydd  22  ounces  to  the  ton.  As  I  write 
I  hear  that  Court  Grange  has  just  sold  a  parcel  of  ore,  the  assay 
of  which  gives  34  ounces  of  silver  to  the  ton. 

In  the  year  1878  the  mines  were  52  in  number,  of  which  32 
made  returns  of  ore  amounting  to  6,801  tons,  with  49,028 
ounces  of  silver. 

In  the  year  1890  the  number  of  mines  at  work  in  this 
county  dwindled  down  to  20,  with  a  total  production  of  1,666 
tons  of  dressed  ore,  of  a  percentage  of  from  75  to  80  per  cent 
Pb,  and  containing  9,739  ounces  of  silver.  The  total  value  of 
the  ore  at  the  mines  was  14,993/. 


CHAPTER  XXV. 

LEAD—tentiMitd. 

Lead  Mine*  of  Cainarronsliiie,  of  the  Iile  of  Mui,  of  CommH — Wot 
Chivetton — of  Devon,  of  the  North  of  England  — Northomberlaiid, 
Durham,  Westmoreland,  and  Comberland — ofYorkihire,  of  Detbjihin 
— Lead  Mines  of  the  LimeitoDei  of  Flintshire  and  Deobighihire — Lead   * 

Minn  sf  Ireland. 

Carnarvonshire. — An  interesting  lead  mining  district  is  situated 
in  this  county.  It  forms  a  triangle,  a  line  stretched  from 
Trefrhiw  to  Capel  Curig  fonning  its  base,  and  the  picturesque 
village  of  Betlws-y-Coed  forming  the  apex.    It  is  a  distpW 


which  has,  like  many  others,  fotmed  the  victim  of  mining 
gambling  :  suras  of  money  having  been  paid  for  mines  which 
could  not  possibly  pay  a  reasonable  interest  in  return,  but  which 
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oercttheless,  if  worked  ecoDomically,  would  fono  moderatel)' 
profitable  undertakings. 

Fig.  S5  is  a  general  secdon  of  the  strata  from  Capel  Curig  to 
LUnrwst,  and  it  will  illustrate  the  geological  position  of  the  mine. 
The  depths  attained  by  the  various  mines  are  not  great ;  the 
Rpproximate  depths  being :  Coed  Mawr,  56  yards  ;  Bettws-y- 
Coed,  or  Pencraig,  60  yards ;  Cliff,  45  yanls ;  Llanrwst,  60 
yards ;  Willoughby,  or  Pandora,  60  yards ;  and  Clementina, 
100  yards.  The  most  productive  rock  is  a  compact  greenish 
gny  rock  with  white  spots,  and  it  will  be  seen  that  the  eastern 
names,  although  some  of  them  aie  the  deepest  of  the  district, 
have  not  yet  reached  this  rock. 

The  lodes  have  an  east  and  west  direction,  and  dip  south 
about  two  feet  in  a  fathom.  They  are  frtim  two  to  four  feet 
wide,  and  contain  quartz  and  calcareous  spar,  the  latter  being 
J  a  ,  J  3  most  plentiful  in  the  higher  strata.  The 
ore  occurs  in  vertical  pipes  or  courses, 
and  it  is  noticed  that  these  lie  opposite 
each  other  in  the  different  lodes,  pro- 
bably in  the  run  or  strike  of  the  same 
^  strata.  The  ore  occurs  in  parallel 
-  layers,  as  shown  in  fig,  86,  which  is  a 
section  of  a  small  lode  in  the  old  Pen- 
i™iifiid-o^ir^iiiid  craigMine.  Beautiful  examples  of  this 
(o^iuBgiiig^di.  j3,  si»tT  banded  and  comby  structure  may  be 
seen  on  the  ore  heaps  at  the  mines. 
On  the  north-east  side  of  the  district  there  is  a  large  north 
and  south  lode,  which  probably  lies  on  a  line  of  dislocation.  It 
is  known  as  the  Gore  lode.  It  is  from  la  to  30  feet  wide,  and  is 
represented  as  containing  about  4  tons  of  lead  to  a  fathom  high 
and  forward  of  its  whole  width.  It  is  now  being  opened  on  in 
the  D'Eresby  Mountain  Mine,  and  probably  before  this  edition 
passes  through  the  press  we  shall  know  whether  it  may  be 
worked  to  profit  The  strata  are  of  Cambro- Silurian  age,  and 
in  the  same  strata  in  the  Point  of  Lleyn,  near  Pwllheli,  are 
some  of  the  most  productive  mines  of  the  county.  In  1890 
there  were  7  lead  mines  in  Carnarvonshire,  which  yielded  1,116 
tons  of  lead  ore,  with  4,046  ounces  of  silver. 
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Isle  of  Man, — ^This  island  has  four  lead  mines  worked  in 
strata  similar  to  those  just  described.  Its  production  of  ore  in 
1890  was  6,141  tons.  Two  of  the  mines  produced  the  greater 
part  of  this  amount :  Great  Laxey  1,430  tons,  and  Foxdale 
4,160  tons.  The  ore  is  exceedingly  rich  in  silver,  reaching^  as 
it  does,  a  proportion  of  30  ounces  to  the  ton  of  ore. 

The  total  value  of  the  ore  produced  in  1890  was  77,652/., 
and  it  contained  129,124  ounces  of  silver. 

Lead  mines  similarly  situated  are  worked  at  Lead  Hills  in 
Scotland,  in  Ireland,  in  Cumberland,  and  in  several  of  the 

Glubb't  Shaft.  I'^aSo  fiuhoms. 


w 


Fig.  87.— Sbction  op  thb  Wsst  Chivbrton  Lead  Minb. 

Welsh  counties  besides  those  already  named,  but  they  do  not 
call  for  special  remark.  I  must,  however,  devote  a  few  words 
to  the  mines  of  Cornwall  and  Devon,  before  I  pass  on  to 
notice  the  lead  mines  worked  in  the  Carboniferous  Limestone. 
ComwalL — In  1876  this  county  had  16  lead  mines,  pro- 
ducing 2,727  tons  of  ore.  Of  this  quantity  West  Chiverton, 
near  Perranzabulo,  gave  1,594  tons.  Old  Treburget,  near 
Camelford,  444  tons,  and  Herodsfoot,  near  Lanreath,  296 
tons,  leaving  the  remaining  393  tons  to  be  contributed  by  the 
remaining  13  mines.  The  whole  of  the  lead  mines  occur  in 
the  eastern  half  of  the  county.  The  proportion  of  silver  pro- 
duced is  large,  about  13  ounces  to  the  ton.    The  min&  ^DCii(»x 
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productive  of  silver  was  the  West  Chiverton,  of  which  a  section 
is  given  in  fig.  87.  Its  yield  of  silver  in  the  quantity  of  lead  ore 
named  was  29,925  ounces. 

The  lode  at  this  mine  has  a  general  east  and  west  direction, 
with  an  inclination  or  dip  of  two  feet  in  a  fathom  to  the  south. 
It  averages  six  feet  in  width,  and  is  filled  chiefly  with  quartz  clay 
(flucan)  and  carbonate  of  lime.  The  galena  occurs  princi- 
pally in  layers,  although  in  places  it  is  disseminated  generally 
throughout  the  lode.  An  elvan  dyke  crosses  the  vein  at  about 
20  fathoms  from  the  surface,  dipping  south  more  rapidly  than 
the  lode  itself.  As  a  matter  of  experience  it  is  found  that  in 
the  neighbourhood  of  these  dykes  the  ore  is  usually  more  abun- 
dant and  richer  in  silver. 

The  mine  is  160  fathoms  deep,  and  at  the  90  fathom  level,  a 
junction  was  formed  between  two  branches  and  the  main  lode, 
and  the  result  was  extraordinary  mineral  riches.  The  lode  was 
worth  100/.  per  cubic  fathom  for  lead,  and  30/.  for  blende. 
The  vein  here  was  about  nine  yards  wide,  and  presented  a 
series  of  ribs  of  lead  and  blende,  twelve  to  sixteen  inches  in 
width,  with  ribs  of  quartz  between.  The  strata  traversed  is 
only  described  as  clay  slate,  and  with  the  classing  of  all  strata, 
besides  granitic  rocks  in  Cornwall  as  Devonian,  we  are  left  in 
uncertainty  as  to  its  age.  One  thing  is,  however,  certain,  the 
lead  strata  lie  above  the  tin  and  copper-bearing  rocks,  and 
hence  at  a  greater  distance  from  the  central  bosses  of  granite. 
We  are  only  left  in  doubt  as  to  whether  the  strata,  like  all  those 
I  have  hitherto  described,  belong  to  the  Cambro-Silurian,  or,  as 
shown  on  geological  maps,  to  the  lower  part  of  the  Devonian. 
In  the  absence  of  fossils  to  decide  the  matter,  the  strong  proba- 
bility is  that  they  belong  to  the  lower  group.  It  will  be  ob- 
served from  the  section  of  the  mine,  fig.  87,  that  the  course  of 
ore  has  a  defined  width,  and  a  westerly  downward  direction,  which 
may  coincide  with  the  thickness  and  dip  of  productive  strata. 

The  lode  at  .Herodsfoot  Mine  approaches  more  nearly  a 
north  and  south  direction,  its  exact  bearing  being  N.  8°  to  la" 
W.  It  dips  from  7Q°  to  80"  east ;  it  varies  in  width  from  a  few 
inches  to  four  feet ;  has  on  one  side,  usually  the  heading,  a 
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brccciated  quartzy  capel,  and  cavities  containing  crystals  of 
quartz.  Fig.  88,  as  given  by  Dr.  Le  Neve  Foster '  from  a  part 
of  this  lode,  will  illustrate  its  structure.  The  lode  seems  to  be 
the  nearest  approach  to  a  profitable  north  and  south  lode  we 
have,  although,  as  al-  «  g 

hub    ' 


es 


ready     observed, 
also  has  a  bearing  to-    | 
wards   east   and  west. 
The  strata  traversed  by 
this  lode  are  darlc  blue, 
green.and  drab  coloured   A;.  > 
slates,  which  are  inter- 
.  stratified  with  felspathic 
rocks  which  sometimes 
pass  into  a  slaty  struc- 
ture. In  the  neighbour- 
hood of  the  mines  fos 
sils  have   been  found    -_- 
indicative  of  a  Lower 
Devonian  age;  but  as 
we  have  no  depths  or 

distances  given  for  the   f«^  Sl-SacnoB  of  I^db  in  Wkul  Masv  Ana 

horizon  of  these  fossils, 

and  as  the  lode  itself  seems  to  be  a  line  of  dislocation,  we  are  still 

a  little  uncertain  as  to  the  age  of  the  true  lead-bearing  strata. 

These  two  mines,  produdi^  as  they  do  the  great  bulk  of  the 
lead  raised  in  the  county,  will  suffice  as  illustrations  of  the 
Cornish  lead  lodes. 

In  1878  thirteen  mines  yielded  1,349  tons  of  lead  ore,  with 

16,456  ozs.  silver.     In  1890  no  ore  was  produced  in  the  county. 

Devon.* — Although   historically  a    lead-mining  county  of 

importance,  Devon  numbered  in  1876  only  ten  lead  mines, 

and  of  these  three  only  made  returns  of  ore,  amounting  alto- 

'  On  '  The  Lode  at  Wheal  Mary  Ann,'  Tram.  Royal  Geelogical  Sotieij 
a/  Comwail,  vol.  ji.  pari  I,  1875. 

'  See  «lso  De  U  B^he,  Ctolaguai  Rtpert  an  Cai-nwall  aua  Damn  ;  alto 
G.Chowea,  Somt  Account  of  the  Ris*  and  Pragrtss  af  Mititng  in  Dmatuhirt. 
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gether  to  437  tons  with  5,890  ounces  of  silver,  or  about  13^ 
ounces  to  the  ton.  The  two  principal  mining  districts  are 
Beer  Alston  on  the  banks  of  the  Tamar  in  the  south,  and  Comb- 
martin  in  the  north  of  the  county.  Reference  is  made  to  mines 
in  these  districts  in  the  thirteenth  century,  and  the  argenti- 
ferous nature  of  the  lead  ore  was  then  well  understood.  The 
geological  position  of  the  lead-bearing  strata  will  be  understood 
from  the  following  table  of  the  order  of  the  Devonian  strata : 


I. 


Upper 

Devonian -{2. 
Beds 


Middle 
Devonian 


3- 
4. 
5. 


6. 


Lower     fj, 
Devonian  \  8. 


Pilton  Slates. — Copper  ore  in  places  with  galena  and 
blende. 

Cucculaea  Sandstone. 

Pickwell  Sandstone. — ^Veins  of  hsematite  with  oxide  of  man- 
ganese. 

Northoe  Slates. — Quartz   veins,  but  little  or  no  metallic 

minerals. 
Ilfracombe  Slates  and  Limestones. — Horizon  of  the  silver 

lead  mines  of  Combmartin  and  elsewhere,  copper,  blende, 

and  some  antimony. 
Martinho  Beds. — Containing  beds  of  iron  along  the  strike 

of  the  beds. 
Lynton  Beds. — No  metals. 
Foreland  Sandstones. — Iron  ores. 


At  Combmartin  Mine  the  lode  traverses  a  bed  of  clay  slate 
near  its  junction  with  limestone  rock ;  the  galena,  which  often 
occurs  in  coiu^es  and  masses  on  the  lower  side  of  the  lode,  is 
associated  with  flucan,  quartz,  and  white  iron.  In  the  lodes  of 
Beer  Alston,  which  traverse  calcareous  slates,  the  matrix  consists 
of  fluorspar,  and  the  lead  ore  is  disseminated  through  the  lode 
in  small  lumps. 

In  1890  the  only  mine  at  work  was  St.  Cuthbert's,  pro- 
ducing 182  tons  dressed  ore,  with  140  ozs.  silver,  value  1,008/. 

Coming  to  the  extensive  deposits  of  lead  ore  in  the  Carbon- 
iferous Limestone  of  England  and  Wales,  we  begin  at  the  north. 

JVorfhumder/andf  Durham^  and  Cumberland} — Lying  on 
the  military  road  known  as  the  Maiden  Way,  the  mining  dis- 

'  See  also  Westgarth  Forster  on  Strata  in  the  North  of  England;  Sop- 
with,  Geohgual  Sections  of  Lead  Mines  in  Alston  Moor  and  Teesdale  ; 
Wallace,  on  Lead  Ore  in  Veins  on  Alston  Moor  ;  The  Industrial  Resources 
of  the  TynCf  Wear^  and  Tees,  by  Armstrong  and  others. 
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trict  formed  by  the  junction  of  the  three  northern  counties 
just  named  became  known  to  the  Romans — traces  of  whose 
ancient  smelting  houses  still  exist  Not  much,  however,  is 
heard  of  these  northern  mines  until  1468,  when  Edward  IV. 
granted  to  the  Earl  of  Northumberland,  with  others,  all  mines 
north  of  the  Trent  Seventy  years  later  were  granted  to  the 
Earl  of  Northumberland  and  the  Duke  of  Gloucester  all  the 
mines  of  Blanchland,  the  mines  of  Alston  Moor,  with  others 
in  the  north.  Several  of  the  mines  subsequently  passed  into 
the  hands  of  the  Governors  of  Greenwich  Hospital,  to  whose 
successors  they  still  belong.  The  royalties  of  Allendale 
passed  through  several  owners  into  the  family  of  the  present 
owner,  W.  B.  Beaumont,  M.P.  The  Weardale  mines  belong 
to  the  Ecclesiastical  Commissioners. 

The  advent  of  Smeaton  into  the  district  in  1775  led  to  a 


Fig.  89. — General  Section  across  the  Pennine  Chain,  England. 

I,  Carboniferous  limestone.    99,  Shales  and  limestones  (Yoredale  Beds).    33,  Millstone 
grit.    4  4,  Coal-measures.    5  5,  Permian  sandstone  and  limestone  (magnesian). 

change  for  the  better  in  the  methods  of  mining.  He  projected 
the  Nent  Force  Level,  which  drains  a  portion  of  the  mines. 
Mr.  Westgarth  was  another  of  the  early  pioneers,  who  was  also 
the  inventor  of  hydraulic  engines.  The  great  work  of  the  dis- 
trict is  the  Blacket  Level,  which  was  begun  in  1855,  near  Al- 
lendale town,  by  Mr.  Beaumont,  and  which  is  seven  miles  long. 
In  1890  Cumberland  produced  from  17  mines  2,272  tons 
of  lead  ore,  containing  12,201  ounces  of  silver.  Diurham  and 
Northumberland  from  27  mines  gave  12,976  tons  of  lead  ore^ 
containing  52,523  ounces  of  silver;  and  Westmoreland  from 
one  mine  yielded  1,419  tons  of  lead  ore,  with  13,234  ounces  of 
silver.  A  few  of  these  mines  are  worked  in  the  older  rocks,  but 
the  bulk  of  them  are  worked  in  the  range  of  hills,  of  Carbon- 
iferous or  mountain  limestone,  which,  from  Scotland  to  Derby- 
shire, form  the  Pennine  chain.     The  diagram  section,  fig.  89, 
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illustrates  the  general  structure 
of  these  hills  all  along  their 
course. 

The  next  section,  fig,  90, 
gives  the  deUils  of  the  various 
beds  composing  the  limestone 
strata,  i,  and  also  shows  the 
position  in  the  series  occupied 
by  the  lead  ore  deposits. 

There  are,  it  will  be  seen, 
four  well-defined  horizons  of 
lead  ore,  the  whole  of  which 
are  above  the  rock  known  as 
the  Great  Whin  Sill,  and  hence 
above  the  great  mass  of  the 
Great  Scar  Limestones.  The 
limestones,  1334,  with  the 
in  tervenlngstrata,  are  traversed 
by  a  vast  number  of  lodes, 
which  are  productive  in  the 
limestone,  but  impoverished 
byvarious  degrees  in  the  shales 
and  sandstones,  being  poorest 
where  the  strata  are  sofl  or 
coarse.  They  are  also  most 
peipendicular  in  the  lime- 
stones, and  incline  to  the  hori- 
zontal when  passing  through 
the  shales :  ao  illustration  of 
this  is  seen  in  the  cross  section 
of  the  Browngill  vein,  fig.  91, 
adapted  from  Wallace, 

As  the  lodes  pass  through 
the  shale  beds  they  aire  often 
disordered,  the  walls  are  ill- 
defined,  and  little  or  no  lead  is 
present     Thus  the  Dowgang 


■Ivn  bud  lud 
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Nent  Head  and  Guddamgill  groups  of  veins  have  been  woAed 
at  various  mines  in  the  Quany  Hazle,  and  down  as  low  as  the 
Slaty  Hazle,  but  without  profitable  results,  although  small  bodies 
of  ore  were  present ;  and  rich  bodies  of  ore  which  have  been 
worked  on  the  west  side  of  the  Nent,  in  the  four-fathom  lime- 
stone, have  ceased  to  be  productive  when  followed  down  into 
the  Nattras  Gill  Hazle,  and  when  followed  down  into  the  Sla^ 
Hazle  were  pinched,  and  contained  only  small  pieces  of  ore. 
Nearly  the  whole  of  the  profitable  and  moderately  productiTe 
lodes  have  a  NW.  and  SE.  directioo,  and  a  nearly  vertical  dq> 


NK  The  ordinary  veins  are  intersected  by  N.  and  S.  cross 
veins,  which  are  accompanied  by  dislocations  of  the  strata,  the 
beds  being  usually  thrown  up  to  the  west  When  these  cross 
veins  strike  the  ordinaiy  lodes  at  an  acute  angle,  the  point  of 
intersection  is  generally  rich  in  ore. 

The  minerals  associated  with  galena  in  the  veins  vary 
greatly  in  different  parts  of  the  district  At  the  Cowper's  Dyke 
Lead  Mines,  carbonate  of  lime  and  fluoride  of  calcium  fill 
the  veins  in  the  great  limestone,  the  veins  presenring  the 
appearance  shown  in  fig.  91. 


242       METALLIFEROUS   MINERALS   AND   MINING. 

1 1,  Great  Limestone,  with  crack  3  z  z  running  into  the  lode ; 
3  is  a  central  course  of  galena,  and  3  x  are  lumps  and  spots  of 
the  same,  the  remainder  of  the  lode  being  filled  up  as  ju^t  de- 
scribed. At  Nent  Head  fluoride 
of  calcium  is  absent,  iis  place 
/  being  taken  by  quartz.  In  Al- 
ii Moor,  sulphate  of  zinc  is 
I  common,  but  it  is  absent  in 
Weaidale  and  Allen  Heads. 
'  The  lodes  as  they  pass  into 
the  sandstones  below  the  lime- 
stones contain  more  silidous 
and  quartzose  matter,  and 
usually  sulphate  of  zinc  disap- 
(■vbih,  pgars,  A  good  deal  of  car- 
bonate of  lime  is  also  present 
Tlie  latter  also  abounds  in  the  Four  Fathom  Limestone,  as 
veil  as  in  veins  in  the  Tyne  Bottom  and  Great  Scar  Limestone, 
where  it  occurs  in  slender  six-sided  prisms,  from  three  to  four 
inches  long.  Where  the  lead  ore  is  most  abundant,  these  prisms 
aie  most  perfect  Quartz  crystals  are  not  uncommon  in  the 
limestone,  as  well  as  those  of  fluorspar,  the  whole  being  asso- 
ciated witli  iron  pyrites.  Fluorspar  is  generally  abundant  where 
lead  ore  is  plentiful,  although  ir  does  occur  sometimes  without 
the  or&  Generally  speaking  the  vein  matter  is  harder  on  the 
east,  in  Coal  Cleugh,  Alston  Moor,  and  Teesdale,  than  on  the 
wes^  as  at  Allen  Heads,  Weardale,  and  Derwent  Again,  at 
Cross  Fell,  on  the  east  side  of  the  mountain,  the  lodes  are  filled 
with  fluoride  of  calcium,  and  on  the  west  with  sulphate  of  baryta. 
The  associated  minerals  exist  in  greater  variety  in  the  lodes  of 
the  Great  Limestone  than  in  any  of  the  other  limestones. 

This  limestone  is  about  twenty  yards  thick.  It  is  made  up 
of  beds  of  limestone  parted  by  thin  layers  of  shale.  Some  of 
the  limestone  beds  have,  especially  where  much  intersected  by 
veins,  become  decomposed  by  the  action  of  water  flowing 
through  and  renuuning  in  them,  and  in  the  cavities  thus  formed 
ue  found  deposits  of  lead  ore.    These  decomposed  parts  of 


ORE  FLATS  IN  THE  GREAT  LIMESTONE.  243 

the  Great  Limestone  are  known  as  '  flats/  of  which  there  are 
three—*  High  Flat  Post,'  *  Middle  Flat  Post,'  and  '  Lower  Flat 
Post'  Sometimes  these  *  flats'  have  not  been  refilled  with  re- 
deposited  matter,  and  present  the  appearance  of  caverns 
lined  with  crystals  of  carbonate  of  lime,  galena,  and  blende. 
These  caverns  occasionally  attain  a  large  size,  containing 
twenty  cubic  fathoms  of  space.  Both  the  filled  and  the  un- 
filled '  flats '  thin  ofl"  into  thin  layers  or  strings,  which  not  un- 
frequently  connect  them  with  others  and  with  the  veins.  They 
are  longer  horizontally  than  vertically,  and  cover  large  areas  of 
the  beds,  those  of  Small  Cleugh  and  Handsome  Mea  Cross 
Vein,  shown  in  figs.  93  and  94  (adapted  firom  Wallace),  occupy- 
ing an  area  of  nine  acres.  The  ore  is  most  abundant,  and  the 
workings  most  extensive,  in  the  Lower  Flat 

In  fig.  93  the  light-shaded  part  shows  the  extent  of  the  de- 
composition undergone  by  the  limestone,  and  the  black  por* 
tions  the  orey  ground  already  worked,  and  the  fine  lines  are  the 
ordinary  veins. 

These  *  flats '  in  the  Great  Limestone,  which  are  of  consider- 
able extent,  are  worked  in  the  Dowgan  Mines  of  Nent  Head. 
Also  in  Holy  Field  Mines  similar  flats  lead  off  fixnn  the 
sides  of  the  lodes.  Flats  also  occur  in  the  Tyne  Bottom  Lime- 
stone under  similar  conditions,  lead  being  distributed  in  paying 
quantities  in  the  altered  portion,  but  they  are  not  much  worked. 
Where  'flats'  are  not  definitely  formed,  nearly  the  whole 
of  the  limestone  cheeks  or  sides  of  the  lodes  are  partially 
decomposed,  or  altered,  for  some  distance  on  either  side. 

Yorkshire,^ — Passing  southward  into  Yorkshire  we  find  in 
Swaledale  much  the  same  arrangement  of  the  limestone  strata 
as  in  Northumberland  and  Durham,  as  will  be  seen  by  a  com- 
parison of  fig.  95,  which  shows  the  arrangement  in  Yorkshire, 
with  the  northern  section  fig.  90. 

The  Main  Limestone,  corresponding  to  the  Great  Lime- 
stone of  the  north,  is  the  chief  ore-bearing  group  of  strata  in 


'  See  also  PhUIips's  Geohgy  of  Yorkshire:  Mtmral  VHm  of  SwaUdaU^ 
Yorkshire^  by  Lonsdale  Bradley,  F.G.S. 
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the  district.  It  is  a  hard,  fine,  and  ciosc-grained  limestone^ 
interbedded  with  thin  shale  partings.  It  contains  three  princi- 
pal layers  of  decomposed  limestone  or  *  flats,'  in  which  are  also 
cavenis  containing  various  amoimts  of  lead  ore.  These  are 
connected  by  strings  and  veins  variously  prolific  of  ore  both 
in  the  limestone  and  in  the  overlying  chert  Higher  still  the 
lodes  are  occasionally  very  rich  in  the  *  Red '  Limestone,  and 
also  in  the  Under  Sett  chert  and  limestone.  They  are  more 
rarely  productive  in  the  underlying  27  fathoms  grit,  when  the 
lodes  are  wide.  The  Third  Sett  Limestone,  corresponding  to 
the  Tyne  Bottom  Limestone,  has  not  been  much  worked,  and, 
as  in  the  north,  it  forms  the  lowest  limit  hitherto  of  mining 
operations.  The  grits  and  plates  between  the  beds  specified 
are  not  usually  productive  of  lead  ore. 

The  mining  district  of  Swaledale,  which  we  may  take  as  a 
typical  one,  is  about  fifteen  miles  long  by  six  miles  broad,  ex- 
tending firom  Richmond  on  the  east,  to  Westmoreland  on  the 
west,  and  firom  Wensleydale  on  the  south,  to  Teesdale  on 
the  north.  The  lodes  are  nearly  all  due  east  and  west,  very 
parallel  to  each  other,  and  probably  continuous  between  the 
mines  at  which  they  are  worked.  They  occur  in  groups. 
Startmg  on  the  north  there  is  a  group  of  two  lodes  running 
through  the  mines,  then  a  group  of  three,  followed  by  another 
group  of  two,  and  at  some  distance  farther  south  by  another 
group  of  three. 

In  the  SE.  comer  of  the  district,  at  the  Grinton  and 
Ellerton  Mines,  there  are  a  few  NW.  and  SW.  lodes. 

The  earthy  materials  filling  the  lodes  are  known  in  York- 
shire as  *  riders.'  When  these  consist  simply  of  fragments  of 
the  containing  rock-limestone,  chert,  or  grit,  it  is  called  a 
primary  rider.  When  it  consists  of  these  in  a  dissolved  and 
reconstituted  condition,  as  calcareous  spar,  fluorspar,  baryto- 
calcite,  and  quartz  spar,  it  is  called  a  secondary  rider.  When, 
finally,  it  consists  of  a  loose  earthy  or  clayey  matrix,  it  is 
called  a  tertiary  rider  or  lode.  The  substances  mentioned 
comprise  the  non-metallic  filling  of  the  lodes.  With  these  and 
the  ore,  sulphide  of  lead,  are  associated  the  oxides  of  zinc — 
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tdack  and  grey  jack  and  iron  pyrites.  Most  of  the  lodes  h«n 
a  non-metallic  filling  of  one  of  the  above  kinds,  but  theie  an 
productive  lodes  where  metallic  ore  fills  the  whole  width. 


1,  Lodo^    Diagonal  Uaa,  productLw  portioiif.    Horinnial 
Duk  pomoni.  unpnHlucun.    PerpEadiculu  linu,  uiKxi>1on 
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The  lodes  north  of  the  River  Swale  are  mostly  true  lodes, 
carrying  strong  riders,  while  on  the  south  the  ore  lies  in 
caverns  and  flats  in  the  limestone. 

Nearly  the  whole  of  the  lodes  are  on  lines  of  dislocation  of 
the  strata,  and  it  has  been  found  that  the  amount  of  the  dis- 
location affects  materially  the  productiveness  of  the  lodes.  An 
illustration  of  this  is  given  in  fig.  95,  which  is  adapted  from 
one  of  Mr.  Lonsdale's  series  of  similar  illustrations.  Where 
the  dislocation  is  least,  the  two  walls  of  the  lodes  are  limestones 
for  the  greatest  distance ;  and  as  this  is  the  most  favourable 
condition  for  the  production  of  ore,  a  greater  vertical  space  of 
ore-bearing  ground  is  available.  When  the  dislocation  throws 
up  a  bed  of  grit  against  a  bed  of  limestone  is  the  next 
favourable  condition ;  when  a  bed  of  shale  against  a  bed  of 
limestone  is  a  less  favourable  condition ;  and  when  shale  beds 
against  shale  beds  is  the  least  favoiurable  condition  of  all  others. 

The  percentage  of  ore-bearing  surface  to  the  full  extent  of 
the  lodes  thus  varies  considerably,  from  61  per  cent  where  the 
dislocation  is  under  a  fathom,  to  31  per  cent  where  the  dis- 
location amoimts  to  13  fathoms.  Of  course,  when  the  strata 
are  in  an  undisturbed  condition,  the  lodes  are  only  productive, 
generally  speaking,  in  the  beds  specified. 

In  the  *  Top  Setts '  170  points  of  the  lodes  have  been  re- 
turned as  productive — from  the  crow,  chert,  and  limestone  to  the 
black  beds  and  thin  limestone ;  148  points  have  been  produc- 
tive in  the  *  Main  Setts,'  consisting  of  the  Main  Limestone  and 
chert,  and  40  in  the  Under  Setts,  composed  of  the  Under  Sett 
limestone  and  chert  and  the  27  fathoms  grit  In  1890. 
Yorkshire  had  12  mines,  which  made  returns  of  ore  amount- 
ing to  1,683  tons,  of  a  value  of  14,728/.,  but  not  containing 
silver  in  payable  quantities. 

Derbyshire, — Lead  mining  in  this  county  is  a  very  ancient 
industry.  It  is  said  that  prior  to  the  year  1289  the  only  lead 
mines  were  those  of  Derbyshire,*  and  Pryce  *  says  that  Edward  I. 

*  McCulloch's  Commercial  Dictionary, 

*  Jiiifuralogia  Comubiensis,  See  also  Mawes'  Derbyshire ;  and  Letters^ 
by  J.  B.  (J.  Biden),  \si  Mining  Journal,  1877. 
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brought  miners  from  Derbyshire  to  work  the  silver  mines  of 
Devon  and  Cornwall.  The  same  monarch  also  caused  an  in* 
quisition  to  be  made,  in  the  sixteenth  year  of  his  reign,  at  Ash- 
bum,  into  the  rights  and  liberties  of  the  Derbyshire  miners. 
The  result  of  this  inquiry  was  embodied  in  a  report,  a  copy  of 
which,  together  with  a  list  of  the  articles  and  customs  of  the 
Wapentake  of  Wirksworth,  with  other  curious  information,  is 
contained  in  the  'Miner's  Guide,  or  Complete  Miner,'  published 
at  Wirksworth  in  1810,  by  J.  Cotes,  and  sold  at  that  time  by 
Crosby  &  Co.,  4  Stationers'  Hall  Court 

The  great  mining  district  of  the  county  lies  between  the 
towns  of  Buxton  and  Castleton  on  the  north,  and  Cromford 
and  Wirksworth  on  the  south.  It  is  about  thirty  miles  long  by 
about  twelve  miles  broad ;  the  eastern  half  of  this  width  being 
the  most  productive  mineral  ground. 

In  1890  the  output  from  the  mines  in  this  county  which 
produced  over  10  tons  each  was  3,924  tons,  to  which  must 
be  added  102  tons  from  the  smaller  mines,  bringing  up  the 
total  to  4,026  tons,  of  a  value  of  30,195/.,  but  not  containing 
silver  in  payable  quantities.  The  same  general  arrange- 
ment of  the  limestone  strata  is  continued  southward  into  this 
county,  and  also  the  disposition  of  the  lead  ore  and  its  asso- 
ciated minerals.  There  are  three  or  four  layers  or  courses  of 
a  basaltic-like  rock,  called  toadstone,  answering  to  the  whinsill 
of  the  North,  which  run  somewhat  irregularly  through  the  beds, 
and  which  pinch  the  lodes  as  they  pass  through  them;  and 
sometimes  the  lodes  are  quite  cut  off  through  the  thickness  of 
the  dykes  or  beds.  The  various  deposits  of  ore  are  locally 
known  as  *  Pipe'  veins,  where  the  ore  is  contained  in  an  elon- 
gated vertical  pocket;  Rake  veins,  which  are  ordinary  veins;  and 
Flats,  similar  to  those  already  described.  There  is  nothing  in 
the  deposits  themselves  to  require  a  special  description,  and 
I  may  conclude  my  description  of  the  lead  ore  deposits  ot 
the  whole  of  the  Pennine  chain  of  limestones  with  the  remark 
that  the  deposits  are,  on  the  whole,  richer  where  the  beds  form 
a  synclinal  trough  than  where  they  form  an  anticlinal  ridge. 

Flintshire  and  Denbighshire  — Dipping  westward  under  the 
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Coal-measures,  Feriuian,  and  New  Red  Sandstone  strata,  the 
limestone  beds  we  have  been  considering  rise  again  to  the 
surface  in  these  two  counties,  where  they  form  the  natural 
boundary  between  England  and  North  Wales.  From  Llan- 
gollen on  the  south,  to  Flint,  Holywell,  and  Prestatyn  on  the 
north,  portions  of  the  strata  are  highly  mineralised  with  the 
ores  of  lead  and  zinc.  Along  this  portion  of  the  range  there 
were,  in  1890,  in  the  two  counties,  20  mines,  which  produced 
6,638  tons  of  ore,  with  a  proportion  of  38, 584  ounces  of  silver. 
The  bulk  of  the  ore  was  raised  from  three  mines.  In  Denbigh- 
shire the  Minera  Mine  produced  1,392  tons,  and  in  Flintshire 
the  Hallcyn  Mines  gave  3,588  tons,  and  the  Rhosesmor  765 
tons.     The  total  value  of  the  ore  raised  was  61,140/. 

The  ore-bearing  strata  occupy  two  distinct  zones  in  the 
series  :  first,  and  chiefly,  in  the  lower  pale-coloured  limestones, 
I  and  2  of  fig.  96,  which  correspond  to  the  Great  Scar  lime- 


stones of  the  North  ;  and,  secondly,  in  a  lesser  degree,  in  the 
grits  and  limestones,  4,  and  the  uppermost  part  of  3,  which 
correspond  in  an  attenuated  form  to  the  ore-bearing  grits  and 
limestones  of  die  northern  counties.  The  strata  between  are 
unproductive  of  lead  ore. 

The  veins  are  very  numerous,  and  have  a  general  east  and 
west  direction  :  those  profitably  worked  for  any  length  of 
time  taking  that  course.  There  are  north  and  south  lodes  of 
great  length,  which  mark  dislocations  of  the  strata,  but  these 
dOTve  their  mineral  wealth  from  the  intersection  and  junction 
of  the  east  and  west  lodes.  A  good  example  of  a  true  fissuic 
vein  is  seen  at  the  Talargoch  Mines,  near  Rhyl. 
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The  lode  runs  throi^^  all  the  beds  from  the  base  of  Na  4 

to  the  bottom  of  the  lowest  Umestone.     It  ranges  from  ENE. 

to  WSW.,  dipping  to  the  noith.    It  varies  from  3  feet  to  30  feet 


wide,  being  widest  in  the  beds  No.  a,  of  £g.  96.  It  has  an 
earthy  filling  of  carbonate  of  lime,  cherty  matter,  and  fragments 
of  the  adjacent  strata.  It  contains  the  sulphides  of  lead  and 
zinc,  the  latter  most  abundantly.  The  ore  is  richest  in  metallic 
zinc  and  the  lead  ore  in  silver  in  the  beds  No.  2.  The  lode  is 
not  productive  in  the  beds  No.  3. 

There  are  also  'flats'  of  the  usual  kind— those  formed  at 
the  junction  of  limestone  with  sandstone  beds,  as  at  Fioa 
Fawnog;  those  occurring  in  cavities  in  the  limestone  filled 
with  clay,  with  imbedded  lumps  of  pure  galena  ;  and  flat  lodes 
like  that  at  North  Hendre,  of  which  an  illustration  is  given  in 
fig.  97.  In  these  flats,  more  especially  in  the  second  kind.. 
carbonate  of  lead  is  found  to  a  considerable  extent,  as  at  the 
Westminster  and  Queen  of  the  Mountain  Mines,  where  it  lies 
at  the  base  of  the  clay  in  the  pocket  or  flat,  filling  up  the  hollows 
of  the  limestone  beds. 

Scotland  possesses  seven  lead  mines,  of  which  very  little  ii 
known  mineralogically.  The  two  at  work  in  1890  produced 
3,889  tons  of  lead  ore,  containing  21,620  ounces  of  silver.    An 
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attempt  is  now  being  made  to  resuscitate  the  Lead  Hills  Mines 
in  Lanarkshire,  which  were  formerly  of  considerable  importance. 
Ireland. — In  this  island  one  mine,  Luganure,  in  the  county 
of  Wicklow,  yielded  in  1890  seven  tons  of  lead  ore,  containing 
77i  P^f  c^^t*  ^c^d*  '^he  mine  is  worked  in  strata  of  the 
same  age  as  those  of  Shropshire,  Montgomery,  and  Cardigan- 
shire, already  described.  As  there  are  no  distinctive  features  to 
describe,  this  reference  will  conclude  my  description  of  the 
lead-ore  deposits  of  the  British  Isles,  and  I  will  pass  on  to 
notice  those  of  America. 
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CHAPTER  XXVI. 

LEAD—Contmuid, 

Lead  Mines  of  North-Eastem  America — Canada — New  England  States — 
Wisconsin,  Illinois,  and  Iowa — Carbonate  ofLead  in  Colorado — Sum- 
mary and  Deductions. 

Eastern  America. — Again  crossing  the  Atlantic,  and  following 
the  method  hitherto  pursued,  I  will  first  notice  the  lead  mines 
of  the  country  east  of  the  Appalachian  Mountains,  beginning 
on  the  north  and  following  the  mines  southward.  We  will 
then  proceed  westward  to  Wisconsin,  Colorado,  and  farther 
west 

Canada, — In  the  early  part  of  the  year  1878  the  Frontenac 
Lead  Smelting  Works  shipped  four  truck-loads  of  lead,  said 
to  be  of  good  quality,  but  we  lack  at  present  any  information 
as  to  the  stratigraphical  conditions  under  which  the  ore  was 
obtained.    The  production  in  1889  was  74  tons. 

New  England  States, — Lead  ore  deposits  occur  frequently 
in  the  clay  slates  and  metamorphic  rocks  south-east  of  the 
Appalachian  chain  of  mountains.  For  the  most  part  these  are 
segregated  deposits,  but  sometimes  they  are  found  as  strong, 
well  defined  lodes.  The  ores  are  a  good  deal  mixed  with 
inferior  substances,  and  mining  has  not  been  very  successfully 
pursued.  Often  the  veins  consist  of  barren  quartz,  and  the 
segregations  lie  between  intrusive  rocks  and  limestones,  pro- 
bably of  Llandeilo  age.  One  of  the  best  examples  given  by 
Mr.  Whitney^  was  at  Middleton,  on  the  right  bank  of  the 
Connecticut  The  galena  occurs  here  in  a  vein  10  to  20 
inches  wide,  traversing  micaceous  slate.    This  is  partly  filled 

>  AfetaUU  WeaUh  of  the  United  Stata. 


254       METALLIFEROUS  MINERALS  AND  MINING. 

widi  quartz,  that  occurs  in  crystallised  plates  or  combs,  and  is 
anodated  with  calcspar,  crystals  of  fluorspar,  and  sul{4iate  of 

baryta.  Distributed  in  this  matrix  is  galena, 
along  with  blende,  iron  pjrrites,  and,  larely, 
yellow  copper  ore.  The  vein  sends  shoots 
along  the  bedding  of  the  strata,  as  shown  in 
fig.  98,  which  are  often  productive  of  ore  for 
i^aoos  Slats,  some  distance  from  the  mam  lode.  The 
uwMiiLf.vbi.  galena  averaged  50  ounces  of  sOver  to  the 

ton,  the  fine-grained  yielding  only  one-third  the  quanti^  given 
by  the  coarse  ore. 

New  York, — ^The  arrangement  of  the  strata  continues  the 
same  in  this  State,  and  lead  ore  has  been  obtained  since  the 
year  1835  from  the  veins  of  Ryssie,  in  St  Lawrence  coun^. 
The  principal  vein — the  Coal  Hill  Vein — is  nearly  perpen- 
dicolar ;  it  varies  in  width  fix>m  2  to  4  feet ;  it  ranges  firom 
SSK  to  NNW.,  and  its  gangue  is  calcareous  spar,  which  often 
assumes  a  beautifully  crystsdline  form.  The  galena  occurred  in 
a  pure  state  as  a  rib  about  10  inches  wide,  in  the  midst  of  which 
were  fine  crystals  of  the  ore.  There  was  not  much  silver,  but 
at  one  time  the  lode  was  estimated  at  the  value  of  25/.  per 
fadiom. 

Some  of  the  finest  crystals  of  carbonate  of  lime  in  the 
wcnid  have  been  derived  from  this  lode,  one,  preserved  in  Yale 
Collie,  weighing  165  pounds. 

A  similar  arrangement  is  observed  in  the  Union  vein  of  the 
same  locality,  and  similar  deposits  in  veins  and  s^regations 
occur  in  Lewis  and  Columbia  counties. 

Wisamsin^  lUimns^  and  Iowa} — Proceeding  westward  we 
reach  an  important  lead  r^on  at  the  junction  of  these  three 
States.  It  is  bounded  by  the  river  Wisconsin  on  the  north,  and 
the  Mississippi  on  the  west,  running  eastward  along  the  former 
river  for  70  or  80  miles,  and  northward  along  the  latter  for 
about  the  same  distance.    The  deposits  seem  to  have  been 


*  Geology  of  Wisconsin^  Moses  Strong,  1877 ;  Engineering  and  Mimng 
Journal  of  New  York,  vol.  xxvl;  Whitney's  Mttallic  Wealth. 
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known  to  the  aboriginal  inhabitants.  Attention  was  attracted 
to  the  district  in  1700  by  Le  Suer.  In  1788,  Dubugue,  a 
French  miner,  obtained  a  grant  of  land  that  now  includes  the 
town  that  b^ars  his  name.  He  continued  mining  until  his  death, 
in  1809..  Mining  operations  were  carried  on  under  various 
arrangements  and  with  varying  success  till  1839,  when  a  geo- 
logical survey  of  the  country  was  made  by  Dr.  Owen  and  139 
assistants.  In  1847  the  mines  yielded  of  metallic  lead  24,145 
tons.  In  1853  the  peld  had  decreased  to  13,307  tons.  In 
1876  the  production  of  the  whole  region  only  reached  6,812 
tons, 

The  following  is  the  order  of  the  strata,  with  their  English 
equivalents  : 


Cambro- 
Silurian 


Bala  Limestone 


Llandeilo  Beds 


Upper 


Cambrian  - 


Lower 


Lingula  and 
Tremadoc  Beds 

Bangor  Beds 


Niagara  Limestone. 

Galena  Limestone — Lead-bearing 

rock. 
Trenton  Limestone — Fossils,  large 

orthoceratites,  favosites,  &c 
Sandstones,  shales,  and  calcareous 

beds. 
Lower    Magnesian     Limestone  — 

Lower  limit  of  lead-bearing  rocks. 
White  Potsdam  Sandstone. 
Fossiliferous  Slates. 
Dolomitic  limestones. 
,Dark  Sandstones. 


It  will  be  seen  that  the  geological  horizon  of  the  lead- 
bearing  strata  is  the  same  as  that  of  the  Llandeilo  beds  of 
Great  Britain,  the  difference  being  that  in  this  American  region 
there  is  a  greater  abundance  of  calcareous  matter  than  there  is 
in  the  British  Isles.  The  principal  mines  are  worked  in  the 
Galena  limestone,  the  productive  lodes  penetrating  at  times 
the  underlying  Trenton  limestone,  and  occasionally  the  Lower 
Magnesian  limestone ;  but  their  productiveness  ceases  when 
they  enter  the  Potsdam  sandstone,  corresponding  to  our  Lin- 
gula and  Tremadoc  beds. 

The  Galena  limestone  is  a  yellowish-grey,  hard,  compact 
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oystalline  rock.  It  contains  numerous  small  cavities,  filled 
with  a  softer  material,  and  sometimes  lined  with  crystals  of  cal- 
otte. It  is  thick-bedded  in  its  upper  portion,  and  consists  of 
thin  laycTs  in  its  lower  part  It  contains  the  usual  Llandeilo 
fossils.  Distributed  throughout  it,  but  occurring  more  abund- 
antly in  its  middle  part,  are  layers  and  accumulations  of  flints 
coinciding  with  the  bedding.  The  metallic  deposits  occur,  as 
shown  in  fig.  99,  in  vertical  cracks  or  crevices,  as  they  are  locally 
called,  I ;  in  Hats  or  '  flat  openings,'  z ;  and  in  pockets, 
3,  The  cracks,  r,  opening  out  at  times  into  cavities,  as  shown 
at  A,  in  figs.  100  and  lot. 


3,  PoeVei. 


The  workings  have  been  carried  down  in  this  limestone  to  a 
depth  of  about  lao  feet 

The  vertical  veins  or  lodes  have  an  east  and  west  direction. 
Their  usual  width  is  from  one  to  two  feet,  but  they  open  out 
into  cavities  30  feet  across.  They  are  filled  with  a  dark  red 
ferruginous  clay,  together  with  calcspar,  and  fragments  of  the 
adjacent  rock,  in  which  loose  lumps  of  ore  are  indiscriminately 
distributed.  In  the  flats  the  matrix  is  usually  calcspar,  in  which 
Imnps  of  galena  occur,  and  which  alternates  in  layers  with 
calamine,  blende,  and  iron  pyrites.  These  flats  are  connected 
by  irregular  cracks  with  the  vertical  fissures,  i,  bearing  ore. 
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The  ore  deposits  lie  above  a  group  of  fossiliferous  blue 
limestones,  and  it  has  been  suggested  that  the  gases  evolved  in 
the  decomposition  of  so  much  animal  matter  as  must  have  once 
existed,  may  have  had  a  material  influence  in  determining  the 
precipitation  of  the  lead  from  the  overspreading  plombiferous 
solution. 


The  detailed  section  of  the  limestones  at  Mineral  Point, 
Wisconsin,  is  as  follows : 

YeUow  Galena  Limestone,  75  feel. 

Upper  Lead  Opening,  3  feel  to  8  feet. 

GIbu  RocIe  or  Blae  Limealooe,  9  feet  to  11  feet 

Middle  Lead  OpeQing,  3  feel  to  8  feet. 

Soft  Spongy  UmeWone,  13  feel  to  18  feet. 

Lower  Le«d  Opening,  4  feet  lo  8  feet. 

e  Soft  Galena  Limestone,  i  foot  lo  t  feel. 


Chief  Lead  Deposit 


Lead 


Lead 


Lead  deposits  are  opening  out  on  a  large  scale  around  the   , 
upper  reaches  of  the  Missouri  Mid  Madison  rivers,  bul  we 
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nave  not  as  yet  many  particulars  concerning  them.  The  pro- 
duction for  1877  reached  the  large  amount  of  22,000  tons,  and 
it  is  probable  that  the  conditions  under  which  the  ore  is  foimd 
are  similar  to  those  just  described  of  the  Wisconsin  region,  the 
ore  lying  in  cracks  and  flats  of  limestones  of  a  magnesian 
character,  with  Cambro-Silurian  fossils. 

The  conditions  under  which  the  ore  is  found  associated 
with  that  of  silver  in  Colorado^  Nevada^  Utahy  and  the  Western 
territories  generally,  have  already  been  noticed  in  the  descrip- 
tion I  have  given  of  the  Emma  Mine,  the  Comstock  lode,  and 
the  Ruby  Hill  deposits.     It  only  remains,  therefore,  for  me  to 


\^-^^x-x 


^.'S.-^^'^^  . 


Fuk  loa.— SBcnoM  or  Stsata  im  Caupornia  Gulch,  Colokado,  sHowtNG 

PORTION  OP  CaRBONATB  OP  LSAD  DEPOSITS. 

s,  Porphyritic  rock,  la  to  loofeet  thick,    a,  Thin  hed  of  white  clav.    3,  Carbonate  of 
lead  Md,  X  to  aofi»et  thidc    4,  Oxide  of  iron,  z  to  6  feet  thick.    ;,  Limestone.    6,  Clay 
*  7,  Qoxutxites  and  metamorphic  rocks,  resting  upon  gneiss. 


/  notice  the  recent  discovery  of  extensive  deposits  of  carbonate 

'  of  lead  in  California  Gulch,  Colorado. 

This  gulch*  forms  the  bed  of  one  of  the  uppermost  tribu- 
taries of  the  Arkansas  River.  It  lies  just  south  of  the  Park 
portion  of  the  Rocky  Mountains,  on  the  eastern  side  of  the 
Great  Divide.  About  sixteen  years  ago  it  was  the  busy  scene  of 
rich  surface  gold  mining  operations,  and  the  miners  frequently 
noticed  the  great  weight  of  many  of  the  stones  and  boulders  that 
lay  in  their  way ;  but  as  there  was  not  the  usual  appearance 
of  lead  ore  no  further  notice  was  taken. 

*  Sec  Engineering  and  Mining  Jmmat  of  New  Yorky  vol.  xxv.  p.  40. 
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The  presence  of  carbonate  of  lead  in  these  heavy  stones 
was  first  recognised  about  three  years  ago  by  Mr.  A.  B.  WoQd».lt' 
of  Ann  Arbour,  Michigan.  Further  search  revealed  the  mineral 
in  situ.  The  region  was  covered  with  prospectors  before  a 
month  was  out,  and  the  hillsides  soon  became  riddled  with 
shafts  and  levels.  An  examination  of  the  majority  of  these 
shafts  gives  the  following  as  the  geological  position  of  the  ore, 
fig.  102. 

The  ore  bed  has  usually  been  reached  within  a  depth  of 
100  feet  firom  the  surface.  It  is  found  in  horizontal  masses 
extending  some  distance  in  all  directions,  and  having  a  thick- 
ness of  firom  6  inches  to  20  feet  Carbonate  and  sulphate  of 
lead  are  the  prevailing  ores,  but  lead  ore  in  all  oxidised  varieties 
occur.  The  bed  varies  in  its  composition.  In  places  it  is  a 
compact  heavy  grey  rock,  in  others  it  is  soft  and  tough,  but 
similar  in  colour  to  the  first,  and  in  places  lines  of  darker- 
looking  mineral  run  through  it.  The  character  of  the  ore  con- 
tained is,  in  the  first  variety,  65  per  cent  of  lead,  with  firom  10 
to  20  ounces  of  silver ;  in  the  second,  65  per  cent  of  lead,  with 
from  20  to  40  ounces  of  silver ;  and  in  the  third  about  the 
same  quantity  of  lead,  with  from  150  to  2,000  ounces  of  silver 
to  the  ton  of  ore,  with  the  addition  occasionally  of  an  ounce  or 
two  of  gold. 

The  limestones  and  underlying  schists  are  for  the  mostl 
part  in  a  metamorphic  condition,  and  there  can,  I  think,  be  no  j 
difficulty,  from  the  presence  of  the  porphyry  above  and  the] 
quartzites  and  gneiss  below,  in  recognising  their  position  as  the  I 
equivalent  of  our  Cambro-Silurian  Llandeilo  beds.    The  total 
production  of  lead  ore  in  America  in  the  year  1877  is  given  at 
73,000  tons. 

I  have  now  enumerated  the  principal  lead  ore  deposits  and 
regions  of  the  world,  and  a  consideration  of  the  phenomena 
and  conditions  described  seems  to  lead  to  the  following  con- 
clusions : 

The  lowest  horizon  of  lead  ore  in  workable  quantities  lies  I 
above  that  of  copper  and  the  other  metals  before  described, 
being  in  the  Llandeilo  and  Arenig  strata  of  this  country,  and 

s  2 
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their  equivalent  elsewhere.  That  lodes  and  deposits  cease  to 
be  productive  as  soon  as  they  enter  the  underljring  Lingula 
and  Tremadoc  schists,  and  sooner  where  the  Arenig  strata  are 
of  a  soft  shaly  nature.  That  the  productive  zone  does  not 
extend  into  the  overlying  Bala  beds  and  strata  of  the  Upper 
Silurians.  That  a  productive  zone  of  limited  areas,  as  in 
Devonshire,  and  possibly  in  some  of  the  Western  American 
mines,  lies  in  the  middle  limestones  and  slates  of  the  Devonian 
group  of  strata.  That  the  third  and  highest  ordinary  horizon 
is  fotmd  in  the  Carboniferous  limestone,  this  horizon  being 
divisible  into  two  zones,  one  in  the  pale-coloived  massive 
limestones  near  the  base  of  the  series,  and  the  other  in  the 
limestones  and  grits  near  the  summit,  the  intervening  dark  lime- 
stones and  shales  being  barren.  That  the  largest  proportion  of 
silver  is  contained  in  the  ore  derived  from  the  Cambro-Silurian 
strata.  That  both  in  these  older  strata  and  in  those  of  the 
carboniferous  series  the  lead  ores  from  the  lodes  containing 
most  plentifully  the  ores  of  zinc  are  richest  in  silver.  That  the 
lodes  inclining  most  to  an  east  and  west  direction,  and  most 
perpendicular  in  their  dip,  are  the  most  persistently  productive 
of  ore.  That  the  north  and  south  lodes  are,  with  a  doubtful 
exception  or  two,  unprofitable  to  work,  and  that  the  ore  in 
these,  which  are  cracks  along  lines  of  distivbances,  lies  in  a 
rolled  drifted  form,  and  is  probably  in  this  state  of  subsequent 
origin,  together  with  the  fissures  in  which  it  lies,  to  that  of  the 
east  and  west  lodes  of  any  horizon. 

During  the  year  1890  the  production  of  lead  in  the 
United  States  ^  was  187,000  tons  of  2,000  lbs.  each,  or  a  little 
less  than  in  1880.  Of  tiliis  amount  53,000  tons  were  classed 
as  soft  lead,  and  134,000  tons  as  refined  or  desilverised. 

*  Engineering  and  Mining  Journal,  Jan.  3,  1891. 
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CHAPTER  XXVII. 
ZINC. 

Gcnend  Remarks — Ores  of  Zinc — Zinc  Ores  of  Siberia,  Hungary,  Sileaiai 
Sardinia,  Algeria,  Belgium,  Great  Britain  and  Ireland,  America, 
Eastern  America — New  Jersey — Zinc  Ores  of  the  Lead  Region  of  Wis* 
consin,  of  the  Western  States— Concluding  Remarks. 

Thk  application  of  this  metal  to  the  useful  purposes  of  life  has 
been  greatly  extended  during  the  last  thirty  years.  The  coat- 
ing of  sheet  iron  with  it  has  alone  vastly  increased  the  demand 
for  the  mineral.  In  Great  Britain  and  Ireland,  for  example, 
the  production  has  increased  from  about  i,ooo  tons  in  1850,  to 
24,485  tons  in  1877. 

Zinc  occurs  in  nature  combined  with  carbonic  acid,  oxygen, 
silica,  sulphur,  sulphuric  acid,  and  more  rarely  with  alumina. 
Its  ores,  the  specific  gravity  of  which  ranges  about  4*5,  and 
their  hardness  4  to  5,  may  be  thus  enumerated  : 

Carbonate  of  Zinc.--Calamine. — Smiihsonite, — Chemical 
composition  :  pure  zinc,  5 1*44;  oxygen,  13*10;  carbonic  acid, 
35*46.  These  principal  constituents  are  often  displaced  by 
protoxide  of  iron  to  the  extent  of  2  to  3 ;  manganese,  3  to  7  ; 
and  magnesia,  o  to  3.  In  colour  it  ranges  from  colourless 
through  dirty  white,  yellow,  and  grey,  to  brown.  It  is  one  of 
the  common  and  most  useful  ores  of  zinc     Its  varieties  are — 

Herrerite, — A  mixture  of  the  above  with  nickel  oxide. 

Kapnite, — ^The  same,  with  15  to  37  per  cent  of  protoxide 
of  iron. 

Zinc  Bloom. — An  earthy  carbonate  of  zinc,  containing  69  per 
cent  of  zinc  oxide  with  15  per  cent  of  water. 
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Oxide  of  Zinc—  Zincite. — Red  Zinc  Ore, — Chemical 
composition  :  zinc,  So,  oxygen,  20,  varied  by  3  to  12  of 
manganese  peroxide.  Blood  or  hyacinth  red,  with  orange 
yellow  streak;  found  at  Franklin  and  Sterling  in  New  Jersey 
in  foliated  masses,  and  laminated  flakes  or  grains.  Its 
variety  is — 

^/(!ff//f.~Containing  a  proportion  of  sulphur,  forming  a  link 
with  sulphide  of  zinc 

Silicate  of  Zinc. — Electric  Calamine. — Galmd, — 
Chemical  composition :  zinc  oxide,  66 '8,  silica,  257,  and  water, 
7'S.  Colourless  or  white,  to  grey,  yellow,  green,  brown,  and 
blue.  Occurs  as  columnar,  fibrous,  granular,  and  earthy.  A 
valuable  ore  of  zinc    Its  varieties  are  : 

Aurichalate,  —  Containing  some  zinc  caibonate  and 
copper.      ^ 

Franklinite. — ^A  mixture  of  zinc  with  manganese  and  iron, 
forming  practically  an  ore  of  iron. 

Hopeite^  with  a  proportion  of  phosphorus  ;  a  rare  mineral 
Willemite,  oxide  of  zinc,  72*85,  silica,  27*15. 

Sulphate  of  Zinc —White  Vitriol. — Goslarite, — Chemi- 
cal composition:  zinc  oxide,  28*2,  sulphuric  acid,  27*9,  and 
water,  43*9.  Of  a  stalactitic  and  incrusting  form.  Nauseous 
and  astringent  taste,  and  ranging  in  colour  from  white  to 
browiL    Used  in  medicine  and  dyeing. 

Sulphide  of  Zinc — Blende. — Zinc  Blende. — BUuk 
yack. — Chemical  composition  :  zinc,  66*8,  sulphur,  33*2,  varied 
by  iron  i  to  15,  and  cadmium  o  to  3.  The  most  abundant  ore 
dr  zinc  In  colour  ranging  from  yellow,  green,  red,  brown,  and 
black ;  of  a  resinous  and  waxy  look,  and  from  opaque  to  semi- 
transparent  in  appearance. 

Zinc  ores,  as  we  have  seen,  are  largely  mixed  with  those  of 
lead,  and  the  mineralogical  and  stratigraphical  conditions  under 
which  they  are  found,  have  already  been  pretty  fully  described  in 
the  chapters  treating  of  the  ores  of  lead.  I  will,  therefore,  only 
briefly  describe  further  a  few  of  the  principal  zinc  ore  deposits 
of  the  world. 
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The  carbonate  of  zIdc  occurs  in  Siberia,  Hungary,  and  in 
the  mines  of  Saxony  and  Bohemia. 

North  Germany. — In  Silesia^  in  the  district  arouna 
Famowitz  and  Benthen,  the  Coal-measures  are  developed, 
and  there  are  numerous  collieries  and  ironstone  mines.  Cover- 
ing the  Coal-measures  over  a  considerable  tract  of  countiy,  and 
extending  into  Russia,  is  a  limestone  supposed  to  be  the 
equivalent  of  the  Muschelkalk,  or  middle  member  of  the  New 
Red  Sandstone  series.  This  limestone  occurs  in  beds  of  ordi- 
nary thickness,  and  in  its  upper  portion  it  frequently  assumes  the 
form  of  dolomite.  Beds  of  calamine  occur  between  the  dolo- 
mite and  the  ordinary  limestone  following  the  line  of  junction. 
There  are  red  and  white  deposits,  the  red  being  associated 
with  red  clay,  and  the  white  with  white  clay.  The  aggregate 
thickness  of  the  deposit  varies  from  3  to  12  feet,  with  an 
average  of  6  feet.  The  percentage  of  metallic  zinc  in  the 
deposit  averaged  in  1876,  11*84  per  cent,  the  white  variety 
being  the  richest  The  ores  are  mixed  with  galena,  and  con- 
tain a  quantity  of  cadmium.  The  deposit  is  made  up  of  a  suc- 
cession of  thin  strata,  and  the  metallic  ores  seem  as  if  they  had 
been  precipitated  on  the  floor  of  a  tranquil  sea.  There  are 
also  irregular  deposits  of  calamine  mixed  with  the  ores  of  iron. 
There  were  64  zinc  mines  in  work  in  1876,  the  production 
from  which  is  given  at  449,374  tons  of  zinc  ore,  of  the  value  of 
i/.  y,  2d,  per  ton. 

In  the  Russian  portion  of  the  deposit  the  production  in 
1889  ^^  about  7,132  tons  of  spelter. 

In  Sardinia  are  large  deposits  of  a  mixture  of  the  carbonate 
with  the  silicate  ores  of  zinc,  which  occur  in  Silurian  limestones. 
The  lodes  or  cavities  are  described  as  from  five  to  twen^-five 
fathoms  wide,  with  a  north  and  south  direction,  coinciding  with 
the  strike  of  the  beds,  so  that  probably  what  are  described  as 
lodes  are  only  mineralised  beds. 

The  ore  lies  in  irregular  masses,  which  are  sometimes  600 
yards  long,  and  these  are  connected  by  thin  strings  of  ore.  In 
places  the  zinc  gives  place  to  lead  in  depth. 
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Some  rich  lodes  occur  in  the  mountains  that  nm  across  the 
north  of  Spain,  near  the  southern  shore  of  the  Bay  of  Biscay, 
between  Santandar  and  Asturia.  The  lodes  range  from  six  to 
ei§^t  feet  wide.  The  lodes  are  well  defined,  and  contain  very 
pure  ore—calamine,  containing  52  per  cent  of  metallic  zinc 
At  Bien  Venido,  35  miles  west  of  Santandar,  the  lodes  cross 
each  other,  and  form  a  network  of  calamine  deposits. 

In  Algeria  the  zinc  mine  of  Hamman  N'bails,  on  the 
Bone  and  Guelma  Railway,  is  equipped  for  an  output  of  10,000 
tons  a  year. 

Belgium.' — ^This  is  a  great  zinc-producing  country.  The 
principal  deposits  of  the  ores  lie  in  the  highly  mineralised  coun- 
try between  Libge,  Aix-la-Chapelle,  and  Venders.  The  geolo- 
gical structure  of  the  country  is  as  shown  in  fig.  103,  but  the 
rocks  are  greatly  disturbed  and  contorted. 


1  •  *  -^ 

Fig.  i(^.— Sbction  or  Strata  bbtwbbn  Liics  and  Vsrvibjis. 

I,  Quartxote  slates  (Devonian),  containing  layers  and  veins  of  haematite  and  calamine. 
9,  Limestones,  some  beds  dolomitic.  3,  Qoartzose  slates  and  fine-grained  sandstones. 
4,  Limestones,  with  beds,  pockets,  and  ramifications  of  calamine.  5,  Coal-measures. 
A  B,  Zinc  ore  beds. 

The  oldest  of  the  Belgian  zinc  mines  is  the  Vielle  Montague, 
at  the  village  of  Moresnet,  near  Aix-la-Chapelle.  This  mine  is 
said  to  have  been  worked  by  the  Spaniards  400  years  ago,  but 
the  actual  records  do  not  reach  back  beyond  the  year  1640. 
The  deposit  was  worked  by  the  State  until  the  year  1806,  since 
which  date  it  has  been  worked  by  a  public  company.  It  occurs 
as  filling,  or  as  once  filling,  a  space  in  the  midst  of  limestone 
strata  about  1,500  feet  long,  firom  NE.  to  SW.,  700  feet  wide,  and 
from  200  to  250  feet  deep.     It  has  been  worked  as  an  open 

'  Ann,  des  Mints  (4;,  5,  165. 
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quaiiy,  in  steps  or  galleries  all  round,  of  which  an  idea  is  given 
in  fig.  104. 

The  strata  containing  the  2inc  ores  are  divided  into  two 
parts  by  the  bed  of  limestone,  a.  The  ore  is  of  two  kinds :  the 
red  containing  30  to  34  pei  cent,  of  zinc,  together  with  a  good 
deal  of  ferruginous  matter,  and  the  white  yielding  about  46  per 
cent  of  zinc,  and  which  is,  of  course,  the  most  valuable.  The 
company  by  which  this  and  neighbouring  deposits  are  suc- 
cessfully worked,  own  the  Sardinian  and  Algerian  mines  just 
referred  to,  as  well  as  some  in  Sweden,  which  are  worked  in 
lodes  in  older  strata.  The  production  of  zinc  by  this  company 
from  aO  their  mines  was,  in  1877,  68,095  'oi^  Bff^inst  54,569 
tons  in  1S76.  The  average  production  of  zinc  in  BelgiutD  for 
the  years  1874-5-6  was  70,284  tons. 

Frakce. — llie  production  of  zinc  in  this  country,  as  given 


by  M.  Cailloux,  was  in  1869  1,000  tons.    Possibly  it  is  now 
double  the  amount 

Great  Britain  and  Ibelamd. — Turning  now  to  the  British 
Isles,  we  have  already  seen  that  the  production  of  zinc  has  in- 
creased from  1,000  tons  in  1850  to  34,485  tons  in  iS;^.  The 
price  per  ton  of  the  ore  ranged  downwards  from  i^&s.  dd.  in 
January,  to  3/  12^.  ^.  in  December,  the  average  price  being 
3/.  \^s.  i4-  The  ore  was  produced  by  57  mines,  which  were 
also  lead  mines.    The  following  table'  will  show  the  quantity 

>  For  lUtutics  see  Hunt'i  Mimrrat  Siatutkt  «/  Oml  Britam  md 
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raised  in  each  district,  and  the  nature  of  the  strata  whence  it 
was  derived : 


Naof 
Mines 

Year  189a    Locality                Denmian  Strata 

Carbodferoas  lime- 
atoaeStraU 

tons   cwts.  qrs. 

tons    cwti.   qn. 

I 

Anglesea 

280      0      0 

IS 

CaMiganshire 

3,734     0     0 

4 

Carnarvonshire 

169      0      0 

— 

3 

Cumberland  . 

4,869      0      0 

2 

Denbighshire 

— 

6,593     0     0 

2 

Derb3^hire    . 

150     0     0 

2 

Flintshire 

1,117     0     0 

I 

Merionethshire 

125      0      0 

— 

2 

Montgomeryshire  . 

321      0      0 

— 

6 

Shropshire 

246      0      0 

— 

2 

Scotland 

49     0     0 

3 

Isle  of  Man  . 

4,388     0     0 

Totals  . 

Total      production       of 
Unitea  Kingdom 

9,312     0     0 

12,729     0     0 

22,041     0     0 

Value  ;f  109,890 

It  will  thus  be  seen  that  about  two-thirds  of  the  quantity 
raised  was  obtained  from  the  Carboniferous  limestone  of  this 
country.  It  is  noticeable,  however,  that  the  ores  from  the 
limestones  fetched  the  highest  price.  Cornwall  mined  no  zinc 
ore.  The  mines  producing  the  largest  quantities  were  in 
Shropshire,  Roman  Gravels,  fig.  So,  140  tons ;  Cumberland, 
Nenthead,  3,831  tons;  Cardiganshire,  Frongoch,  2,550  tons; 
Montgomeryshire,  Van,  fig.  83,  280  tons ;  Denbighshire, 
Minera,  6,433  tons  ;  Flintshire,  Talacre,  929  tons  ;  Carnarvon- 
shire, Pantgwyn,  153  tons ;  Merionethshire,  Moel  Ispri,  125  tons; 
and  Isle  of  Man,  Great  Laxey,  3,844  tons.  The  Scotch  mine 
was  the  Queensberry,  Dumfrieshire ;  no  Irish  mine  was  at  work. 
By  referring  to  the  chapters  on  Silver  and  Lead,  it  will  also  be 
seen  that  the  lead  mines  returning  the  largest  quantities 
of  zinc  ores  are  also  those  yielding  the  largest  proportion 
of  silver — for  instance,  Great  Laxey,  West  Chiverton,  Van, 
Talargoch,  and  Minera.  In  Anglesea,  the  'bluestone*  deposit, 
referred  to  on  p.  157,  is  now  opened  up,  and  promises  to  yield 
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a  large  quantity  of  zinc,  with  its  associated  metals.  Two  mines 
in  CaniaivoDshiie  also — IVEresby  Mountain,  which  has  a  wide 
north  and  south  lode,  and  Aberllyn,  a  neighbouring  mine, 
through  which  the  same  lode  is  said  to  pass — are  much  spoken 
of  at  the  present  time  as  likely  to  be  large  producers  of 
blende. 

In  the  older  rocks  the  zinc  ores  occm:  in  lodes  along  with 
galena.  In  the  Carboniferous  limestone  this  is  also  the  case, 
but,  as  in  Belgium,  there  are  in  places  large  decomposed  por- 
tions of  the  limestone  and  shale,  whichare  partly  re&lled  with  the 
ores  of  zinc  To  some  extent  this  is  the  case  with  the  Car- 
boniferous limestone  of  the  North  Wales  border,  but  neariy 
the  whole  of  the  zinc  ores  now  raised  in  the  district  is  ob- 
tained from  the  two  great  lodes  worked  for  both  lead  and  zinc 
at  the  Talargoch  Mine  near  Rhyl  and  the  Minera  Mine  near 
Wrexham. 

Calamine  is  raised  to  a  good  extent  at  the  Park  Mines  near 
Minera,  but  the  common  ore  of  zinc  in  the  district  is  blende. 
In  the  lodes  the  blende  is  intermixed  widi  galena,  usually 
occupying  the  highest  place,  and  it  is  richest  in  metallic  unc 
when  derived  from  the  beds  2  of  fig.  96. 

America. — In  all  the  mining  districts  of  £astem  America 
zinc  ores  are  found,  both  associated  with  lead,  copper,  and 
iron  ores,  and  also  in  separate  deposits.    An  example  of  the 


Fio.  10$.— Sktioi 

1,  SIUt  rxk,  wil 
?  Fci^iuMi:'' 

latter  may  be  taken  from  a  range  of  hills  near  Sparta,  Sussex 
County,  New  Jersey,  fig.  ro5.     It  occurs  in  a  limestone  which 
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18  highly  aystalliney  probably  from  its  connection  with  intru- 
sive dykes  of  quartzose  and  felspathic  ash.  It  is  probably  of 
Llandeilo  age.  The  ore  is  made  into  a  white  oxide,  which  is 
used  instead  of  white  lead  for  paint 

In  Pennsylvania,  near  Friedensville,  deposits  occur  in 
beds  of  blue  limestone  of  probably  the  same  range  as  those 
just  described.  There  are  several  parallel  beds  of  an  approxi- 
mate aggregate  thickness  of  50  feet  The  ore  here  is  sdmost 
entirely  a  silicate  of  zinc  of  poor  quality. 

In  the  lead  region  of  Wisconsin,  Illinois,  and  Iowa,  already 
described  at  page  255,  both  calamine  and  blende  are  largely 
associated  with  lead  ores.  The  production  of  this  r^ion  in 
j82^s  given  as  5,000  tons  of  calamine  and  7,000  tons  of 
blende. 

American  miners  are  now  turning  their  attention  to  the 
utilisation  of  the  ores  of  zinc  contained  in  the  mines  of  the 
Western  States,  along  with  the  ores  of  silver  and  lead.  Enor- 
mous and  extensive  deposits,  which  have  hitherto  been  neg- 
lected, are  reported  as  occuiring  in  dose  proximity  to  the 
mines  of  the  richer  metals  at  Geoigetown  and  Mount  Lincoln, 
in  Colorado  and  Jefferson  City,  Montana.  The  ores  are  sul- 
phides, and  they  are  associated  with  galena  and  pyrites.^  The 
metallic  composition  of  these  ores  is  shown  as  follows  : 

Silver 

100  to  1,000  ounces 
to  the  ton. 

From  the  foregoing  remarks  it  follows  that  zinc  ores  are 
closely  associated  with  those  of  lead  ;  that  frequently  a  lode 
containing  blende  near  the  surface  holds  lead  in  depth,  hence 
the  saying  of  the  miner,  <  Black  Jack  rides  a  good  horse  ; '  tliat 
it  has  much  the  same  strarigraphical  range,  general  and  par- 
ticular, as  lead,  running  rather  higher  into  the  series  of  rocks, 
lead  ending  in  the  hmestones  and  grits  below  the  Coal-measures, 

>  See  Engiuiering  and  MiHmg  Journal  qf  New  Y^rk,  voL  xxv.  p.  53. 


Zinc 

Lead 

Geoigetown 

12 

6  per  cent 

Mount  Lincoln 

16 

7           M 

Jefferson  City 

8 

10      „ 
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and  zinc  continuing  up  to  the  middle  of  the  New  Red  Sandstone 
or  Triassic  group ;  that,  in  addition  to  occurring  in  lodes,  it 
occurs  in  large  portions  of  the  strata  locally  altered,  and  in 
stratified  beds  covering  a  large  area,  and  that  it  was,  and  is, 
more  abundant  in  nature  than  any  of  the  metallic  ores  pre- 
viously described  The  total  production  of  spelter  in  the 
States  in  1890  was  68,000  tons  of  2,000  lbs.  each. 

Australasia. — During  the  year  1889,  South  Australia  pro- 
duced 62  tons  of  spelter,  and  Victoria  exported  158  tons. 

Sweden. — ^The  following  is  the  production  of  zinc  ore  by 
the  Swedish  mines  in  1890 : — 

Tons 

Ammelberg 43t009 

Laggesto 7,784 

Langlallsgraben 2,760 

Dannemora 2,116 

Rylshytte 1,865 

Kaveltrop 824 

Other  mines. 1,021 

59»379 
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CHAPTER  XXVIIL 

IRON, 

Wide  DistributioQ — Native  Iron — Ores  of  Iron — Stiatignplucal  GfOi^iB  of 
Iron  Ores — Iron  Ore  Deposits  of  India — ^Anstria— ^^ermanj — ^Nassau — 
Other  Gennan  States— Sweden  and  Norway — Belgium — Fiance — Spain 
— ^Algeria. 

The  ores  of  iron  are  more  widely  distributed  throughout  nature 
than  the  ores  of  any  other  metal.  It  would  be  difficult  indeed 
to  say  where,  in  one  form  or  other,  the  metal  is  not  present 
We  have  already  seen  how  largely  it  is  associated  with  the 
metals  we  have  been  considering.  It  gives  the  colouring  matter 
to  most  rocks,  and  one  can  hardly  pick  up  a  stone  which  does 
not  contain  a  proportion  of  it  I  need  hardly  say  that  it  is  as 
useful  as  happily  it  is  plentiAil  and  cheap.  Nor  need  I  here 
enumerate  the  many  piuposes  of  life  to  which  it  is  applicable. 

Iron  occurs  in  a  native  form,  and  as  forming  an  alloy  with 
nickel,  which  is  usually  the  case  in  meteoric  iron.  It  also 
occurs  plentifully  in  combination  with  oxygen  and  sulphur,  as 
well  as  in  a  less  degree  with  various  acids  and  other  ingre- 
dients. 

The  specific  gravity  of  its  ores  ranges  about  6,  that  of  native 
iron  reaching  nearly  8,  and  that  of  the  most  workable  ores 
about  5.  In  hardness  it  ranges  from  4  to  7.  The  following 
are  the  forms  and  combbations  in  which  the  metal  is  found: 

Native  Iron. — Occurs  as  meteorites,  which  in  some  in- 
stances have  £Eillen  to  the  earth  of  great  size.  One  from 
Texas,  which  is  preserved  in  Yale  College,  weighs  about  fifteen 
hundredweight  It  is  made  up  of  from  90  to  92  per  cent  of 
iron,  and  8  to  10  of  nickel. 
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In  some  meteorites  small  proportions  of  cobalt,  copper, 
manganese,  and  tin,  with  occasionally  a  little  phosphorus,  are 
found. 

COMBINA  TIONS  OF  IRON  AND  SULPHUR, 

Bisulphide  of  Iron. — Iron  Pyrites. — Chemical  composi- 
tion :  iron  467,  sulphur  53-3.  Colour,  yellow  with  a  brownish 
streak.  Distinguished  from  copper  pyrites  by  breaking  under  a 
blow,  and  in  being  too  hard  to  cut  with  a  knife.  The  most  abun- 
dant ore  of  iron,  of  little  use  in  iron  manufacture,  but  forming 
the  great  source  of  the  sulphur,  sulphuric  acid,  copperas,  and  to 
some  extent  the  alum,  of  commerce.  Its  varieties,  differing 
chiefly  in  some  particulars  of  shape  or  crystallisation,  are  : 
Cockscomb  pyrites,  Hepatic  pyrites,  RadicUed  pyrites,  and  Spear 
pyrites. 

Sulphide  of  Iron. — Magnetic  Pyrites.— Chemical  com- 
position :  iron  60-5,  sulphur  39*5,  rather  redder  in  colour  than  the 
last,  not  quite  so  hard,  and  is  slightly  attracted  by  the  magnet 

Arsenical  Pyrites. — MispickeL — Chemical  composition  : 
iron  34*4,  sulphur  19*6,  arsenic  46*0.  Cobalt  to  the  extent  of 
from  4  to  9  per  cent  sometimes  taking  the  place  of  the  iron. 
Silver-white  in  colour,  and  hard,  striking  fire  with  steel.  Its 
variety  is  : 

Secupyrite,  which  contains  a  less  proportion  of  arsenic. 

COMBINATIONS  OF  IRON  AND   OXYGEN 

Magnetite. — Magnetic  Iron. — Chemical  composition : 
iron  72-4,  and  oxygen  27*6.  The  most  important  ore  of  iron  in 
the  north  of  Europe.  Strongly  attracted  by  the  magnet,  being 
itself  highly  magnetic. 

Specular  Iron  Ore. — HiEMATiTE. — Chemical  composi- 
tion :  iron  70*03,  and  oxygen  29*97,  varied  by  different  pro- 
portions of  titanium,  chrome,  or  silica.  Colour,  ranging  firom 
deep  red  in  the  earthy  ores,  to  iron  black  and  steel  grey  in  the 
purer  varieties.  The  variations  of  this  ore  are  very  numerous, 
and  comprise  the  following,  which  are  all  more  or  less  valuable  .* 

Clay  ironstone. 
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yaspery  day  iron, — Compact,  and  of  a  Itrownish  jaspery 
red  colour. 

Lenticular  argillaceous  ore, — A  red  ore  made  up  of  small 
flattened  grains. 

Micaceous  iron, — Specular  iron,  with  a  foliated  structure. 

OUgiste  irony  or  iron  glance, — ^Varieties  of  specular  iron. 

Red  chalk. — A  compact  red  mixture  of  iron  and  lime. 

Jied  hcematiie, — Iron  and  clay  of  a  deep  red  colour. 

Red  ochre.^\xoviy  with  a  preponderance  of  fine  day. 

Specular  iron, — Of  a  metallic  lustre,  and  highly  crystalline 
structure. 

Brown  Iron  Ore. — Limonite. — Chemical  composition: 
iron  6o'o,  oxygen  25*6,  and  water  14*4,  varied  by  silica,  alumina, 
(h:  phosphoric  add  A  valuable  and  abundant  ore  of  iron. 
Its  Tarieties  are  : 

Bog  iron  ore, — Occurring  in  lakes,  bogs,  and  low  grounds, 
containing  from  30  to  50  per  cent  of  impurities,  and  phosphoric 
add  up  to  II  per  cent 

Brown  hcematite, — ^The  kidney-shaped  and  stalactitic  haema- 
tite ores. 

Brown  ochre,  yellow  ochre. 

Brown  and  yellow  clay  ironstones, 

Gotheite, — Chemical  composition :  peroxide  of  iron,  and  10 
water,  with  proportions  of  silica  and  manganese. 

Thrgitey  Ihrginsk, — Peroxide  of  iron  94*15,  and  5*85  water. 

Franklinite. — Chemical    composition  :  iron   66  to    69, 
sesquioxide   of  manganese    15  to   18,  and   zinc    10  to    17 
Its  variety  is  : 

Dysluite, — ^Which  contains  about  30  per  cent  of  alumina. 

lirANic  Iron. — Ilmenite. — Chemical  composition  :  per- 
oxide of  iron,  with  from  8  to  53  per  cent,  of  blue  oxide  of 
titanium.  Menctccan^  Crichlonitey  and  Mohrite  are  other  names 
for  the  same  or  similar  ore.    A  notable  variety  is  : 

Iserine,  or  magnetic  ironsand,  which  is  probably  magnetite, 
mixed  with  peroxide  of  titanium. 

Chromate  of  Iron Chromite, — Chromic  iron, — Chemical 

composition :  peroxide  of  iron  19  to  37,  magnesia  o  to  10, 
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chrome  peroxide  36  to  60,  and  alumina  9  to  21,  with  variations 
of  o  to  10  of  silica.  Used  in  various  proportions  for  paints 
and  dyes. 

CoLUMBiTE.  -  M'odi^f,— Chemical  composition :  protoxide  of 
iron  14  to  17,  protoxide  of  manganese  37  to  4*8,  niobic  or 
culumbic  acid  78  to  81,  with  small  quantities  of  the  oxides  of 
tin  or  copper. 

TUNGSTATE     OF     IrON     AND     MANGANESE. — WOLFRAM. — 

Chemical  composition  :  timgstic  acid  76,  protoxide  of  iron  95 
to  20,  protoxide  of  manganese  4  to  15,  with  small  proportions 
of  lime  and  magnesia. 

Silicates  of  Iron. — The  compounds  of  the  oxides  of  iron 
with  silica  are  very  numerous,  but  they  are  not  of  much  interest 
commercially,  and  I  refer  the  reader  who  desires  to  understand 
them  scientifically  to  books  devoted  to  mineralogy. 

Sulphate  of  Iron. — Copperas.— Chemical  composition  : 
protoxide  of  iron  26,  sulphuric  acid  28*8,  and  water  45*2. 
Formed  by  the  decomposition  of  iron  pyrites. 

Carbonate  of  Iron. — Spathic  Iron. — Sparry  Iron. — 
Chalvbite. — Chemical  composition  :  protoxide  of  iron  62-6, 
carbonic  acid  37*4,  with  small  quantities  of  lime  and  magnesia, 
and  occasionally  manganese  up  to  25  per  cent.  An  impure 
variety  is  the  clay  ironstone  of  the  Black  Sand  scam,  which  is 
found  near  the  summit  of  the  Coal  measures  in  Great  Britain. 

Vivianite. — Blue  Iron. — Chemical  composition,  when 
pure,  protoxide  of  iron  42,  phosphoric  acid  29,  and  water  29. 
Occurs  occasionally  m  great  masses  in  the  earth  under  old 
slaughterhouses,  and  in  indigo  coloured  crystals  at  St  Agnes 
in  Cornwall,  and  elsewhere — used  as  a  pigment 

Arseniates  of  Iron. — There  is  a  number  of  minor  combi- 
nations of  the  oxides  of  iron  with  arsenic,  but  the  remark  made 
concerning  the  silicates  is  applicable  to  this  group  of  iron  ores. 

Stratigraphically  the  deposits  of  iron  ore  may  be  comprised 
in  three  great  geological  groups.  The  first  and  oldest  containing 
those  from  the  Laurentian  rocks  to  the  Carboniferous  limestone, 
inclusive  ;  the  second  the  ironstones  of  the  Coal  measures ; 
and  the  third  the  strata  fiom  the  Permian  to  the  most  recent 
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deposits.  The  whole  of  the  deposits  of  iron  ore  belonging  to 
diese  three  groups  are  so  numerous  that  a  description  of  them 
all  would  be  far  beyond  the  limits  of  this  book.  It  will  be 
sufficient,  I  think,  if  I  select  for  description  a  few  of  the  more 
distinctive  and  typical  examples  of  the  ironstone  deposits  of 
the  woild,  and  I  will  begin,  as  before,  in  the  East,  with  a  brief 
reference  to  some  of  the  iron  ore  beds  of  India. 

India. — Valuable  beds  of  magnetic  iron  ore  are  found  in 
the  mountain  Kunjamullay,'  near  Salem,  on  the  Madras  aod 
Beypooi  Railway.  Fig.  io6  illustrates  the  structure  of  this 
mountain,  which  rises  2,000  feet  above  the  sea,  and  t,ooo  feet 
above  the  sunounding  plain.  It  is  an  oval-shaped  hill,  having 
its  longer  axis  east  and  west  All  around  the  hitl  three  princi- 
pal  beds  of  magnetic  iron  ore  crop  oat    These  beds  are  each 
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about  50  feet  thick,  and  there  are  some  tpinor  ones  nearer  the 
summit  about  so  feet  thick.  The  strata  are  probably  of  Lau- 
rentian  or  Cambrian  age.  The  ore  is  of  good  quality,  resem* 
bling  those  of  the  deposits  of  Sweden  and  Norway. 

The  production  of  iron  ores  in  India  and  Burma  in  1889 
amounted  to  39,493  tons,  of  a  value  at  the  mines  of  7,764/. 

In  the  vicinity  of  Chandywick,  in  the  Neibudda  Valley,  m 
Central  India,  iron  ore  is  found  in  irregular  beds  that  consist 
of  loose  lumps  of  hematite,  partly  decomposed,  that  lie  in  hol- 
lows of  the  surface,  and  which  reach  a  depth  of  ten  or  eleven 
feet.  These  beds  seem  to  have  been  derived  from  veins  of  the 
same  material  that  occur  in  the  neighbourhood,  only  in  an  un- 

'  King  and  Foote,  'Geological  StructureofPartsof  Madras,' Cm/tiflf-a/ 
■  r,  1865,  p.  173. 
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decomposed  state.  One  of  these  was  formerly  worked  by  the 
natives,  near  Manera.  It  is  from  two  to  ten  feet  thick,  of  rich 
specular  iron,  with  very  little  admixture  of  earthy  matter. 

In  the  Himalayas,  and  North-West  India  generally^  iron 
ores  occur  in  clay  slate,  probably  of  Cambro-Silurian  age,  and 
in  coloiu:  green,  glossy  blue,  and  mottled  blue  and  brown.  The 
ores  lie  in  thin  interstratified  beds,  that  thicken  out  occa- 
sionally, and  also  in  masses  and  lumps  of  ore.  The  district  of 
Dhuniakote  contained  formerly  seven  or  eight  iron  mines, 
which  were  rudely  worked  The  deposits  here  and  elsewhere, 
as  well  as  those  associated  with  the  Coal-measures  in  India, 
remain  for  European  energy. 

The  ores  are  haematite,  compact  brown  iron  ore,  and  more 
rarely  specular  iron  ore. 

The  slaty  rocks  become  calcareous  towards  the  top,  and  are 
surmounted  by  limestone.  In  both  the  calcareous  slate  and  the 
limestone,  there  are  numerous  fissures  and  irregular  cavities, 
which  are  lined  and  sometimes  filled  with  the  varieties  of  ore 
just  named  At  the  junction  of  the  rivers  Rhuma  and  Kosila, 
bands  of  quartz  containing  similar  deposits  are  interbedded  in 
the  group. 

Russia. — Considerable  quantities  of  iron  ore  are  raised  in 
this  country ;  the  production  of  metallic  iron  in  the  year  1874  is 
given  as :  Ural,  1,017,000  poods,  with  69,000  poods  of  steel; 
Moscow,  1,830,000  poods ;  South  Russia,  440,000  poods ;  and 
Poland,  800,000  poods,  making  a  total  of  3,813,000  poods,  or 
— the  pood  being  equal  to  36  English  pounds— 61,284  tons. 
The  total  production  of  iron  in  Russia  in  1889  was  given  ^t 
722,785  tons  a  year. 

AusTRO- Hungary. — We  have  already  seen  how  largely 
iron  ores  are  mixed  up  with  other  metallic  ores  in  the  mines  of 
Hungary  and  the  south-east  of  the  empire,  and  the  total  pro- 
duction of  iron  in  the  empire  is  given  for  1822  ^t  554,966  tons.  / 
In  the  north-west  spathic  iron  ore — carbonate  of  iron — ^is  abun* 
dantly  mixed  up  with  the  lead  ores  of  the  Erzgebirge  and  the 
mountains  to  the  south. 

Germany. — The  last  remark  is  also  true  of  the  silver-lead 
mines  on  the  Saxon  side  of  the  range,  and  ptoc^^«Oca^^TLCitODL-'^tf^ 

T  a 
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we  reach  the  more  distinctively  iron-mining  State  of  Nassau. 
The  annual  production  of  iron  ore  in  this  rich  little  mining  State 
amounts  to  nearly  200,000  tons.^  The  iron  ore  deposits  of 
chis  State  are  interesting  because  much  of  the  ore  is  found  in  a 
different  geological  position  to  any  others.  Fig.  107  will  show 
the  general  position  of  these  ores.  They  lie  in  hollows  and 
abraded  surfaces  of  the  porphyritic  rock,  4,  and  are  somewhat 
irregular  in  their  occurrence,  so  that  the  mining  for  them  must 
be  of  the  simplest  and  cheapest  kind.  Iron  ores  are  also  found 
in  irregular  deposits,  in  the  limestones,  and  in  stratified  beds  in 
the  older  rocks. 

When  Devonian  limestones  rest  on  the  porphyritic  rock, 
as  they  do  in  a  large  portion  of  the  State,  accretions  of  phos- 


FiG.  X07.— Sbction  of  Ironstone  Minb  at  Obernbissbn,  nsak  Diez,  Nassau. 
X,  Gravel  and  day.    a.  Red  ironstone.    3,  Brown  ironstone.    4,  Porphyritic  rock. 

phate  of  lime*  and  irregular  beds  of  manganese,  which  are 
worked  near  Staffel,  Weilburg,  and  Heckolshausen,  rest  simi- 
larly near  the  base  of  the  driftal  clay. 

Prussia^  Brunswick^  Hatuwer^  and  Wurtemberg  are  also 
iron-producing  States  ;  and  the  present  aggregate  annual  pro- 
duction of  iron  in  the  whole  German  empire  may  be  taken 
at  about  360,000  tons.  The  production  of  iron  ore  in  Prussia 
in  1879  was  2,955,872  tons;  this  quantity  being  raised  from  549 
pits,  emplo3dng  21,991  hands. 

Sweden  and  Norway. — The  strata  of  these  north-west  coun- 
tries of  Europe  consist  of  a  succession  of  granitic  and  gneissic 
rocks,  surmounted  by  slaty  rocks  in  all  stages  of  metamorphism 

*  Odemheimer,  Btrg  und  Huttemvesen  im  fferzogtkum  Nassau. 
«  D.    C  Davies,    *Phosphatic  Deposits  of  the   Duchy  of  Nassau/ 
CM.  Mag.,  1S68. 
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and  con.lortion.  The  laminas,  or  thin  beds  of  the  gneissic  rocks, 
show  numerous  variations  of  the  prevailing  constituents — quartz, 
mica,  felspar,  and  hornblende — and  the  whole  series  here,  as 
elsewhere,  is  penetrated  and  disturbed  by  intiusive  granites 
and  greenstones.  The  strata  belong  to  tiie  I^urentian  and 
Lower  Cambrian  groups,  possibly  to  that  of  the  fonner  alone. 

The  iron  ores  occurring  in  them  may  be  divided  into  three 
classes  :  i.  Deposits  of  pure  magnetic  oxide  which  usually 
occur  in  granite  and  gneiss,  and  also  in  the  accompanying  tal- 
cose,  chloride,  and  micaceous  slates,  and  in  the  interstratified 
hornblendic  rocks  ;  a.  Specular  iron  ore,  sometimes  pure  and 
sometimes  mixed  with  magnetic  iron,  which  occurs  in  similar 
rocks  to  those  just  described  ;  and,  3.  Magnetic  oxide,  which 
IS  generally  found  in  argillaceous  slate  higher  in  the  series  of 
strata.  We  may  now  select  a  few  examples  of  particular 
deposits. 

The  magnetic  oxide  is  found  in  a  very  pure  state  at  Bisp- 
berg.  It  occurs  as  a  lenticular  mass,  the  longest  axis  of  which 
coincides  with  the  dip  of  the  slate  beds  in  which  it  lies. 

At  Danemora,  55  miles  from  Stockholm,  a  similar  deposit 
occurs  in  a  ferruginous 
bed  of  slate.    It  extends    r*'^ 
7,000  feet  long,  and  600    t  \  ^ 
feet    wide    by   20  feet 
thick,  and  it  has  been 
worked    downwards 
about  700  feet.  The  beds 
being    highly    inclined, 
these    and   similar  de 
posits  assume  a  roughly 
flattened        cylindrical 
shape,  with  their  widest 
base      downwards,      as 
shown  in  flg.  to8. 

At  Uto  the  ore  is  a  specular  oxide,  mixed  with  magnetite^ 
The  deposits  take  the  form  just  described,  fig.  108.  They  lie 
in  quartzose  and  micaceous  strata,  quartz  prevailing  close  to 
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the  deposit  The  principal  deposit  is  150  feet  across  itswidett 
part    Its  axis  is  verticaL 

Where,  owing  to  denuding  forces,  the  surrounding  strata 
have  been  broken  and  washed  away,  these  great  masses  of 
ore  assume  the  shape  and  character  of  ore  mountains.  A 
notable  example  occurs  in  the  ore  mass  of  Gellivara,  Sweden, 
latitude  67^  The  mass  is  between  three  and  foiu:  miles  long, 
by  half  a  mile  wide,  and  consists  for  the  most  part  of  masses 
of  specular  ore,  mixed  with  magnetic.  The  principal  deposit 
of  the  hill  is  from  100  to  500  feet  thick,  and  is  made  up  of  a 
central  mass  of  specular  ore,  surrounded  by  hsematites.  The 
ores  from  these  mines  contain  the  largest  amount  of  phos- 
phorus, 1*62  per  cent 

Near  Gellivara  are  the  Kirunavara  and  Guossavara  Mines, 
in  which  is  a  mass  of  ore  11,000  feet  long  and  500  feet  across. 

At  Hassel,  in  Norway,  specular  ore  is  interstratified  with 
slaty  beds,  or  rather  the  latter  are  impregnated  with  ore  to  the 
extent  of  30  or  40  per  cent  At  Taberg,  in  Smaland,  beds  of 
ore  have  been  found  in  eruptive  rocL 

The  whole  of  the  deposits  described,  and  others  of  which 
they  are  the  examples,  frequently  occur  in  a  series  of  parallel 
lenticular  masses,  as  described,  which  extend  over  large  belts 
of  country. 

The  iron  ores  of  Norway  and  Sweden  are  for  the  most  part 
valuable,  especially  for  the  manufacture  of  the  finer  kinds  of 
iron  and  steel  Analyses  made  from  28  districts  show  ores 
ranging  from  30  to  71  per  cent  of  iron,  the  working  average 
being  50.  The  amount  of  alumina  in  them  is  very  small  Some 
of  the  magnetic  ores  have  enough  of  lime  and  magnesia  in 
them  to  do  without  a  flux,  particularly  those  from  Danemora 
and  Grangesberg.  Phosphorus  is  present  in  small  quantities 
in  most  of  the  ores,  reaching  its  maximum  of  1*62,  as  we  have 
seen,  in  the  ores  of  Gellivara.  Where  calcareous  matter  is 
present  in  the  strata,  there  is  a  greater  variety  of  minerals  in 
the  iron  ore  deposits. 

The  principal  deposits  worked  —  Perseberg,  Norberg, 
Grangesbenjr,  and  Danemora— extend  in  a  north-easterly  direc- 
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don  from  the  northern  end  of  Lake  Wener  to  the  Gulf  of 
Bothnia.  The  important  deposits  of  Gellivara  lie,  as  already 
described,  in  the  extreme  north  of  the  country. 

Bog  ores,  consisting  of  the  hydrated  peroxide  of  iron,  are 
found  in  the  southern  parts  of  Sweden.  They  are  found  in  beds 
which  sometimes  reach  two  feet  in  thickness.  These  ores  contain 
much  phosphorus,  hence  they  are  not  adapted  for  the  manu- 
facture of  malleable  iron,  but  receiving  from  the  phosphorus 
greater  fluidity  when  smelted,  they  are  well  adapted  for  the 
finer  kind  of  castings  for  which  they  are  used.  One  reason 
why  the  iron  ore  deposits  of  these  countries  have  not  been 
more  extensively  worked,  is  the  inaccessibility  of  many  of  them ; 
secondly,  the  want  of  cheap  means  of  transportation  and  of  fuel 
to  melt  the  ores  on  the  spot;  and,  thirdly,  men  of  limited 
means  have  preferred  to  work  their  little  concerns  separately, 
instead  of  combining  for  common  expenses. 

In  1874  the  total  amount  of  haematite  and  magnetic  ore 
raised  from  696  mines  was  807,887  tons,  besides  4,601  tons  of 
bog  and  lake  ore.^ 

Belgium.— Retiuning  southwards,  we  find  a  good  deal  of 
iron  ore  raised  from  the  Coal-measures,  the  coal  of  which  is 
very  good  for  smelting,  and  the  Belgians  try  to  make  the  best 
use  oif  everything. 

France.* — In  the  upper  part  of  the  Valley  of  the  Moselle, 
about  Nancy,  there  is  considerable  deposit  of  ironstone  as  a 
bed  in  the  upper  part  of  the  Lias,  or  at  the  base  of  the  Oolitic 
formation.  The  bed  seems  to  occupy  the  horizon  of  the 
Northamptonshire  ironstones,  as  shown  in  fig.  113.  The  bed 
is  interstratified  with  marl,  and  varies  in  thickness  from  2  to 
36  yards.  The  ore  occurs  in  small  grains,  cemented  together 
by  lime  and  clay.  The  ore?  are  described  as  oxydated  hydrate 
ores,  with  occasional  traces  of  pyrites  and  phosphorus  up  to 
I  per  cent.    The  proportion  of  metallic  iron  ranges  from  20  to 

*  See  Engineering  and  Mining  Journal  of  New  York,  vol.  xxiv.  p. 
149 ;  Whitne/s  Metallic  IVealih, 

*  CaiUoux,  Mines  et  Mineraux  de  la  France ;  Jordan,  Minittg  Journal, 
Septemlicr  21,  1878,  page  1036. 
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35  per  cent  An  important  bed  of  red  haematite  occupies  the 
same  geological  horizon  near  the  towns  of  Privas  and  I^ 
Voulte,  in  the  department  of  the  Ardfeche.  The  ore  varies  in 
structure  from  a  shaly  and  grain-like  haematite,  with  30  per  cent 
of  iron,  to  a  solid,  agate-like  texture,  containing  50  per  cent 

The  bulk  of  the  iron  ores  used  in  France  are,  however, 
derived  from  the  six  great  coal  districts  of  the  country ;  but  the 
ironstone  beds  do  not  attain  the  thickness  or  importance  of  the 
English  ironstones  from  the  same  source. 

Then,  in  the  departments  of  Isbre,  of  the  Pyrenees  Orien- 
tales,  spathic  and  magnetic  ores  and  haematites  are  found  in 
the  older  strata,  like  those  of  Norway  and  Sweden,  although. 
from  the  want  of  means  of  transit,  these  have  not  been  worked 
to  any  considerable  extent 

Spain. — The  mention  of  the  Pyrenees  leads  us  to  the  rich 
deposits  of  iron  ore  so  extensively  wrought  in  the  north-west 
portion  of  this  country  in  similar  and  in  oolitic  strata.  The 
mines  of  Biscay  lie  some  15  or  20  miles  from  the  port  of  Bil- 
bao,* which,  as  far  as  trade  is  concerned,  has  been  created  by 
the  iron  mines.  The  port  or  ports  have  several  piers  several 
hundred  feet  long,  from  which  vessels  up  to  1,600  tons  burden 
are  loaded.  Some  idea  of  the  extent  of  the  trade  done  may 
be  formed  from  the  fact  that,  in  one  day  of  the  present  year, 
at  one  of  the  piers,  636  trucks  of  ore,  amounting  to  3,365  tons, 
were  discharged  into  the  vessels  lying  alongside.  One  of  the 
companies,  the  Galdames,  employ  1,150  persons  on  their  rail- 
way, pier,  and  mines.  The  mines  consist  of  open  excavations 
and  of  levels  driven  in  the  side  of  a  mountain.  The  ore  is 
red  haematite,  ranging  50  to  60  per  cent  The  production  of 
this  company  is  now  200,000  tons  a  year. 

Above  these  mines  are  those  of  Orcanera  and  Triano,  which 
are  also  huge  excavations  in  beds  of  ore,  as  well  as  excavations 
underground.  These  mines  produce  about  1,200  tons  a  day, 
of  about  the  same  percentage  as  that  just  given.  The  mines 
belonging  to  Herr  Krupp  produce  200,000  tons  yearly. 

'  See  *  The  Mines  of  Biscay,*  Mining  Journal^  September  21,  1878. 
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The  production  of  tlie  whole  of  the  mines  of  this  region  is 
very  great,  probably  not  less  than  3,000,000  tons.  Some  of  the 
mines  seem  to  have  been  worked  from  the  time  of  the  Romans, 
but  it  is  only  of  late  years  that  the  works  have  attained  their 
present  great  dmiensions.  Iron  ores  are  also  derived  to  a 
limited  extent  from  the  Coal-measures  worked  in  Spain. 

Algeria. — Crossing  the  Mediterranean  into  Algeria,  we 
find  an  important  deposit  of  iron  ore  in  the  older  rocks  of 
Mokta  el  Hadid,  thirty  kilometres  from  Bona,  on  the  borders  of 
Lake  Telgara. 

The  deposit  is  a  bed  about  five  yards  thick,  the  outcrop  of 
which  forms  a  curved  line  along  the  face  of  the  hills  for  a  mile 
and  a  half  in  length.  It  dips  at  an  angle  of  thirty  degrees  SE. 
and  lies  between  a  bed  of  mica  schist  below  and  limestone 
above.  It  yields  65  per  cent  of  iron.  The  deposit  was  begun 
to  be  worked  in  1840.  The  overlying  rock  is  taken  off,  and 
the  bed  is  worked  in  steps  or  galleries.  The  yield  in  1874  was 
430,000  tons,  which  was  shipped  at  Bona. 
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CHAPTER  XXIX. 

IRON— continued. 

Iron  Ore  Deposits  of  the  British  Isles — Cornwall — Devon — ^West  of 
Ireland — Forest  of  Dean — Lancashire  and  Cumberland — Iron  Ores  of 
the  Coal-measures — Divisions  of  the  Coal-measures,  and  Iron  Ores  of 
each  Division — Iron  Ores  of  the  Liassic  and  Oolitic  Strata — Of  York- 
shire, Lincolnshire,  and  Northamptonshire. 

Great  Britain  and  Ireland. — The  British  Isles  are  the 
laigest  producers  of  iron  ore  of  any  country  in  the  world.  The 
production  in  1890  reached  a  total  of  13,780,767  tons.  Of 
this  amount  about  4,155  tons  were  from  the  older  rocks  of 
Devon  and  Cornwall ;  and  the  counties  of  Antrim,  Donegal, 
and  Londonderry,  in  Ireland,  gave  about  159,268  tons  from  the 
newer  rocks  of  the  N.E.  coast.  About  2,465,873  tons  were 
derived  from  the  Carboniferous  limestones  of  Somerset, 
Gloucester,  Lancashire,  and  Cumberland;  8,117,476  tons  from 
the  Coal-measures,  and  2,769,745  tons  from  the  Lias  and 
Oolites  of  Lincoln,  Northampton,  and  Leicestershire.  In  1889 
the  amount  produced  from  all  sources  was  14,546,105  tons. 
I  will  describe  each  of  the  sources  whence  the  iron  is  derived, 
beginning  with  the  oldest 

Ironstone  mining  in  Cornwall  is  of  recent  date.  The 
principal  mines,  of  which  there  were  nine  producing  ore  in 
1877,  are  near  the  towns  of  Lostwithiel,  Wadebridge,  and  in  the 
parishes  of  Roche,  St.  Stephen's,  and  Ladoc.  The  mines  of 
Lostwithiel  were  first  opened  in  1829.  The  ore  of  the  county 
is  a  brown  haematite,  and  its  value  last  year  was  under  lox.  per 
ton.  The  ore  occurs  in  beds,  more  or  less  irregular,  that  lie  be- 
tween the  strata  of  the  older  rocks.   No  work  was  done  in  1890. 
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Devonshire. — During  the  present  year,  1891,^  I  have  had 
an  opportunity  of  examining  a  valuable  deposit  of  haematite 
iron  ore  near  the  port  of  Brixham,  in  South  Devonshire. 

The  deposit  was  worked  some  twenty  years  ago,  but  owin^ 
I  believe,  to  legal  proceedings  on  a  question  of  title  it  was 
abandoned. 

The  ore  is  found  in  massive  but  irregular  deposits,  inter- 
bedded  with  the  limestone  which  forms  the  headland  known 
as  Sharpness  Point,  which  at  its  eastern  extremity  juts  out  into 
the  sea  and  rises  to  about  200  feet  above  high-water  mark. 
The  fissure  containing  the  deposit  of  iron  ore,  which  includes 
some  kidney  ore— a  large  quantity  of  hard,  brown,  and  massive 
haematite,  but  being  made  up  principally  of  a  very  rich  greasy 
puddle  ore — is  very  plainly  to  be  seen  here,  and  is  about 
80  yards  wide  between  almost  perpendicular  walls  of  limestone. 
The  iron  is  seen  from  the  top  of  the  cliff  down  to  the  water's 
edge,  and  has  been  followed  downwards  to  a  depth  of  30  yards 
below  the  sea. 

There  are  apparently  two  fissures  following  the  line  of 
bedding  of  the  limestone,  doubtless  with  more  or  less  irregu- 
larity, and  the  principal  of  these  can  be  traced  inland  and 
westward  for  a  distance  of  about  800  yards  by  its  outcrop, 
upon  which  there  are  the  remains  of  numerous  old  workings. 
Judging  from  the  extent  of  these  latter,  I  should  imagine  that 
work  had  formerly  been  conducted  here  on  a  large  scale, 
though  from  the  disposition  of  the  pits  and  the  remains  of  the 
workings,  it  would  appear  that  no  regular  mining  system  was 
followed,  and  this  possibly  was  one  of  the  facts  which  led  to 
the  abandonment  of  the  property. 

The  mines  are  most  favourably  situated  for  being  worked 
upon  a  large  scale,  and  can  be  attacked  both  as  an  open 
quarry  at  the  cliff  facing  the  sea,  and  also  by  means  of  an  adit 
driven  from  the  shore  underneath  the  old  workings,  which 
would  thus  both  be  drained  and  rendered  easily  accessible. 
Why  this  was  not  done  in  the  first  place,  instead  of  using 
pumps  and  hauling  the  mineral  to  the  top  of  the  cliff,  it  is 

»  Note  by  E.  H.  D. 


284       METALLIFEROUS  MINERALS  AND  MINING. 

difficult  to  say.  The  mine  seems  a  fisdr  specimen  of  many 
others  which  have  been  ruined  by  too  little  knowledge  of 
mining  and  too  much  litigation. 

Fig.  no  will  illustrate  the  mode  of  occurrence  of  this 
deposit,  with  the  exception  that  the  limestone  beds  are  nearly 
vertical,  and  not  more  or  less  horizontal,  as  in  the  Forest  of 
Dean. 

The  following  are  four  analyses  of  samples  of  ore  taken  at 
random  at  various  points  along  the  outcrop  of  the  ore  deposit 
and  at  the  cHff,  and  it  will  be  noticed  that  the  ore  is  of  a  very 
high  quality,  containing,  as  it  does,  practically  no  phosphorus 
and  no  sulphur.  Doubtless  the  exhaustion  of  the  Spanish 
iron  ore  mines,  which  seems  probable  within  our  own  times, 
wiU  cause  the  attention  of  our  iron  smelters  to  be  directed  to 
the  mass  of  mineral  which  lies  within  their  reach,  and  is  only 
waiting  to  be  worked. 

Analyses  of  Brixham  Iron  Ore. 
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The  mineral  statistics  for  the  United  Kingdom  for  1890 
show  that  no  iron  ore  was  raised  in  Devonshire  during 
that  year ;  it  is  interesting,  however,  to  know  that  in  1877 
there  were  four  mines  in   that  county  producing  ore.     The 
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two  principal  ones  were  Florence,  yielding  in  that  year  3,611 
tons  of  brown  haematite,  and  Haytor,  yielding  2,611  tons  of 
magnetic  oxide.*  This  mine  is  on  the  eastern  borders  of  Dart- 
moor. It  occurs  in  three  distinct  beds,  as  shown  in  fig.  109 
(from  Foster),  which  are  interstratified  with  beds  of  shale  and 
sandstone,  said  to  be  of  Carboniferous  age,  but  which,  for  the 
reasons  I  have  already  adduced,  may  belong  to  an  older  group. 
Near  the  beds  of  iron  ore,  hornblende  enters  largely  into  the 
composition  of  the  enclosing  rock,  which  is  also  sometimes 
made  up  almost  entirely  of  actinolite.  The  beds  are  ochreous 
near  the  surface,  and  they  have  been  worked  for  ochre.  They 
are  traceable  E.  and  W.  for  a  distance  of  three  quarters  of  a 
mile.    They  dip  at  an  angle  of  30  degrees  to  the  north.    Dr. 
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*  ^v^-^^^^^ 


Fig.  X09.— Section  in  thb  Havtor  Minb. 

Scale  i"=4o  feet. 

tf,  Silicioiu  slate  and  Actinolite  rock,    b,  Magi^tic  iron  ore.    Ct  Granite  vein. 

Foster  thinks  that  these  beds  were  deposited  something  like 
the  Cleveland  beds,  and  that  they  have  subsequently  been 
altered  into  magnetite  by  heat. 

Forest  of  Dean. — The  Coal-measures  of  this  small  in- 
sulated coalfield  are  underlaid  here,  as  elsewhere,  by  a  series 
of  sandstones  known  as  Millstone  grit,  which  is  here  of  great 
thickness.  In  its  cracks,  permeating  its  softer  strata,  filling  up 
joints  and  cavities,  and  lying  in  beds,  lie  the  uppermost  signs  of 
the  ores  that  have  made  the  Forest  of  Dean  a  great  iron-pro- 
ducing centre.  The  principal  deposits  *  lie  below  the  base  of  the 
Millstone  grit,  and  in  the  upper  part  of  the  main  mass  of  the 
mountain  or  Carboniferous  limestone,  and  in  this  position  they 
crop  up  around  the  edge  of  the  coal  basin,  and  in  all  proba- 
bility, judging  from  the  distance  from  the  edge  to  which  the 

*  Dr.  Foster,  Quarterly  Journal  Geological  Society^  vol.  xxxi. 
2  See  Dr.  W.  Watson,  Geologist,  1858. 
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deposits  have  been  worked,  they  lie  under  the  whole  area  of  this 
coalfield.  The  exact  position  of  the  deposits  is  shown  in  fig.  i  la 

The  Whitehead  limestone,  i,  is  40  yards  thicL  It  consists 
of  red  and  purple  sandy  shales,  passing  upwards  into  the  Mill- 
stone grit 

The  black  rock,  3,  is  made  up  of  limestone,  calcareous 
shales,  and  the  Foreline,  which  passes  downwards  into  the  Old 
Red  Sandstone. 

The  grey  ironstone  formation,  2,  in  which  the  principal  iron 
ore  deposit  occurs,  consists  of  one  bed  or  mass  of  cavemoos 
limestone,  of  an  average  thickness  of  25  yards.  The  ore  deposit! 
within  it  are  not  evenly  continuous,  but  occur  in  large  masses 
that  fill  up  cavities  or  *  chums '  in  the  limestone,  and  which  are 
connected  with  each  other  by  'leaders'  or  strings.  The  lime- 
stone is  called  *  crease,'  and  it  is  traversed  by  innumerable  small 


Fko.  sia— Diagram  of  thb  Isonstonb  Pocicbts  in  thb  Forbit  of  Dban. 

I.  Lowest  bed  of  Wbite  Head  limcAUme,  called  Udstone.  a.  Mine  meaniresb  limestone. 
a^  Tarda  thick.  3.  Top  of  Foreline  or  Mountain  limestone,  whidi  contains  veins  fiOea 
witn  (»e,  running  NE.  and  SW. 

joints  that  do  not  seem  to  follow  any  regular  order.  Leading 
joints  ascend  firom  the  '  chums '  into  the  overlying  Whitehead 
limestone,  and  through  the  rocks  above  it  to  the  daylight 

The  ^  chums '  are  near  to  each  other,  so  that  when  the  lime- 
stone in  which  they  occur  is  reached,  the  mining  for  iron  is  not 
uncertain  or  precarious.  One  of  these  chums  was  350  yards 
long,  14  yards  high,  and  12  yards  broad,  and  is  estimated  to 
have  yielded  60,000  tons  of  ore. 

The  ores  are  divided  into :  first,  *  brash  ; '  second,  *  Smith 
Mine ; '  and  third,  *  clod.'  The  brash  ore  is  a  haematite,  often 
yielding  80  per  cent  of  metallic  iron,  the  compact  kidney- 
shaped  ore  having  a  pardy  metallic  lustre  and  a  fibrous  stracture. 
It  is  firequently  stalactitical  and  covered  with  brilliant  black 
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crystals  of  hydrous- oxide  of  iron.  The  Smith  Mine  is  a  finely 
powdered  peroxide  of  iron,  very  free  from  extraneous  matter. 
It  contains  from  54  to  58  per  cent  of  iion.  The  clod  is  a 
mart,  charged  with  peroxide  of  iron  and  with  small  fragments 
of  hxmatiCe  or  brush  or& 

The  roofs  of  the  chums  are  usually  encrusted  with  stalactitic 
ore ;  concretions  of  compact  hsBmatite,  coated  with  shining  crys- 
tals of  hydrous  iron,  lie  against  the  walls  of  the  chums,  while 


'■  Chahl,  Old  Pa>k  Ibom  Uinei,  hiar  Briah,  Forcst  ai 
I,  A  ladcT.    a,  Unworked  on.    j,  A  drift.    4,  Openinc  mida  mi  ■  liiuL 
],  White  Ueul  ImKKoiH  w  lidaooa. 

tlie  interior  of  the  latter  are  filled  with  powdery  tuetnatite, 
which  is  held  together  by  a  slender  framework  of  harder  ore. 
For  the  most  part  the  ores  yield  readily  to  the  pick,  so  that 
they  are  cheaply  rained.  In  the  limestone,  by  which  the  chums 
are  separated  from  each  other,  geodes,  or  large  irregular  balls 
of  hematite,  are  common.  So  far  the  chums  of  ore  have  been 
found  largest  and  most  productive  around  the  margin  of  the 
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coalfield.  The  miners  have  a  saying,  '  The  smaller  the  leada 
the  larger  the  chum.'  Fig.  iii,  adapted  &om  Watson,  shows 
a  section  of  one  of  the  most  remarkable  of  these  chums,  koovD 
as  '  The  Devil's  Chapel,'  at  the  Old  Park  lion  Mines,  near 
Bream. 

There  are  some  ironstone  deposits,  known  as  the  '  sandstone 
vein,'  in  the  Millstone  grit,  some  distance  above  the  deposits 
just  described.  Its  ore  is  rich  in  quality,  but  the  churns  are 
not  of  great  magnitude,  the  thickness  of  the  bed  being  only 
about  five  feeL 

In  1890,  18  mines  yielded  65,611  tons  of  ore,  of  the  value 
of  37,65  il,  or  about  i  is.  8d.  per  ton,  averaging  40  per  cent  iron. 

Lamoihire  and  Cumberland. — Great  deposiu  of  ironstODe 


^-f^g^a^jfeggfr^^gt^ 


^'i^sJSS 


are  found  in  the  Carboniferous  limestone  of  these  counties, 
which  partake  largely  of  the  character  of  those  just  described 
from  the  Forest  of  Dean.  The  deposits  are  of  irregular  dimen- 
«ons,  and  fill  up  cracks,  joints,  cavities,  soft  beds,  and  inequali- 
ties in  the  upper  portion  of  the  limestone.' 

Fig.  113  illustrates  a  common  mode  of  the  occurrence  o( 
the  deposits.  Botioidal  forms  of  the  ore,  accompanied  by 
crystallised  calcareous  minerals,  are  also  formed  in  cavities. 
The  ore  also  occupies  cavernous  spaces  in  the  limestone,  and 
the  fossils  of  the  limestone  beds  are  converted  into  haematite, 
chiefiy  clayey  ore.  The  ores  are  hamalile  of  different  kinds  ; 
they  yield  about  60  per  cent  of  oxide  of  iron,  5  to  6  per  cent 
'  J.  D.  Kendall,  Q.  J.  Gtological  Setitly,  No.  136. 
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of  silica,  with  varying  proportions  of  alumina,  lime,  magnesia, 
and  occasionally  manganese.  The  beds  of  ironstone,  like  that 
in  fig.  112,  may  represent  original  deposits  of  ferruginous  mud 
on  the  sea  bottom,  while  the  chums  of  the  Forest  of  Dean,  and 
the  cavities  filled  with  iron  ore  in  these  northern  limestones, 
seem  to  point  to  a  subsequent  filling  by  an  infiltration  of  water 
passing  through  overlying  ferruginous  beds,  as  the  deep  red 
beds  of  the  Permian,  or  the  ironstone  beds  of  the  Coal-measures. 

The  older  rocks  of  the  district  are  largely  charged  with  iron. 
A  great  piece  of  rock  on  the  south  side  of  Ennerdale  Lake 
being  called  '  Iron  Crag.'  Ore  in  small  quantities  is  obtained 
from  these  sources. 

Then  similar  deposits  to  those  worked  in  the  Carboniferous 
limestone  also  occur,  and  are  worked  in  the  older  Silurian 
limestones,  as  at  Waterblean  Mines  in  Cumberland.    Here  the 

■ 

strata  are  vertical,  and  water  charged  with  iron  seems  to  have 
penetrated  and  permeated  the  soft  partings  between  the  lime- 
stone beds. 

The  production  of  iron  ore  in  the  two  counties  for  1890 
was  2,399,626  tons,  of  the  value  of  1,346,425/.,  or  about 
I  js.  3^.  per  ton.    The  ore  averaged  53  per  cent  iron. 

Iron  Ores  of  the  Coal-measures} — Usually  these  ores  are 
separated  in  statistics  from  those  derived  fi-om  other  geological 
formations.  As,  however,  quite  one-third  of  the  total  pro- 
duction of  the  British  Isles  is  derived  from  this  source,  this 
book  would  not  be  complete  without  at  least  a  brief  notice  of 
the  ironstone  deposits  of  the  Coal-measures.  The  ores  lie  in 
regularly  stratified  beds  or  layers  in  the  midst  of  the  clays  and 
shales  that  lie  between  the  coal  seams.  Usually  the  iron — 
which  seems  to  have  been  held  largely  in  solution  in  the  water 
in  which  these  beds  were  deposited — has  accumulated  itself 
around  some  organic  substance,  or  it  fills  the  place  once 
occupied  by  Carboniferous  plants  or  organisms,  the  original 
material  of  which  has  perished.  I  divide  the  Coal-  measures 
into  four  chief  parts,  in  descending  order,  thus  : 

'  See  Tlu  Iron  Ores  of  Great  Britain:  publications  of  the  Geologpca) 
Survey, 

U 
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1.  The  Upper  Coal-measures,  extending  fh)m  the  Spirarint 
limestone  down  to  the  sandstones  and  thin  coals  represented  in 
South  Wales  \yj  Pennant  grits. 

2.  The  Middle  Sandstones  and  Coals.  Pennant  sandstones 
of  the  South  Wales,  Forest  of  Dean,  and  Bristol  coalfields, 
and  their  equivalents  elsewhere. 

3.  The  Lower  and  Productive  Coal-measures. 

4.  The  Lowest  or  Gannister  series. 

Now  in  the  whole  series  of  the  Coal-measures  there  are 
three  productive  and  well  defined  horizons  of  iron  ores.  These 
are,  in  descending  order : 

1.  The  Black  Band  ironstone  of  Staffordshire,  Lancashire, 
and  Scotland,  which  lies  near  the  summit  of  group  i,  or  the 
Upper  Coal-measures.  Probably  its  equivalent  in  Shropshire 
and  South  Staffordshire  is  the  Chance  Pennystone.  Its  ores 
are,  where  worked,  a  carbonate  of  iron,  which  enclose  and 
take  the  place  of  fish  and  reptilian  remains.  It  is  valued  as 
an  ore  of  iron. 

2.  The  clusters  of  ironstone  beds  which  lie  in  group  3, 
the  productive  Coal-measures  below  the  Thick  coal  of  South 
Stafford,  and  its  equivalent  in  the  other  coalfields.  To  this 
series  belong  the  productive  and  extensively  worked  New  or 
White  mines  of  Stafford  and  Warwick^  and  the  seams  that  in 
North  Wales  lie  between  the  Main  and  Lower  yard  coals. 

3.  The  series  of  ironstone  beds  that  lie  in  group  4,  or  the 
Gannister  series,  and  of  which  the  Rosser  and  Pennant  seams 
of  South  Wales,  the  Blue  Flats  of  South  Stafford,  and  the 
eleven  beds  that  lie  above  the  Halfyard  coal  in  North  Wales, 
may  be  taken  as  examples. 

The  ores  from  the  two  last  groups  are  known  as  clayey  or 
argillaceous  ores,  the  percentage  of  iron  in  them  ranging  from 
20  to  35  per  cent.  The  ironstones  of  the  Coal-measures  of 
Ireland  are  said  to  be  much  purer  than  those  of  England,  and 
to  contain  47  per  cent,  of  metallic  iron ;  but  they  have  not  been 
much  worked  hitherto. 

There  are  also  associated  with  the  coal  seams  bands  of  iron 
pyrites,  which,  when  not  found  mixed  with  calcareous  matter, 
are  used  for  the  manufacture  of  sulphuric  acid.    The  average 
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value  of  the  ores  raised  in  1877  in  Great  Britain  from  the  Coal- 
measures  was  as  nearly  as  possible  12^.  per  ton.  In  1890  the 
average  value  of  these  ores  fell  to  4^.  S^d.  for  England  and 
Wales,  I  ox.  Sid.  for  Scotland,  and  4s.  gd.  for  Ireland. 

TA^  Iron  Ores  of  the  Liassic  and  Oolitic  strata, — I  now  pass 
on  to  notice  the  recently  discovered  deposits  of  iron  ore  in  the 
Jurassic  strata,  as  the  two  geological  formations  just  named  are 
called,  the  value  and  importance  of  which  have  so  largely 
increased  the  iron  industry  and  the  wealth  of  the  counties  of 
Yorkshire,  Northamptonshire,  and  Lincolnshire.  The  section, 
fig.  113,  represents  to  scale  the  general  order  of  the  Jurassic 
strata  of  England,  and  shows  the  relative  position  of  die  iron 
ore  beds  in  the  three  counties  I  have  just  named. 

The  Iron  Ores  of  Cleveland^  Yorkshire. — I  will  begin  the 
description  of  the  ore  beds  represented  in  the  section  by  a 
notice  of  those  worked  in  the  Cleveland  district,  Yorkshire. 

This  comparatively  modem  iron  ore  producing  district 
occupies  the  north-east  portion  of  the  county,  having  the  sea 
on  the  east,  and  the  River  Tees  on  its  north  boundary.* 

The  lowest  and  principal  bed  of  ironstones  occurs,  as  shown 
in  the  section,  fig.  1 13,  in  the  marls  that  divide  the  Upper  from 
the  Lower  Lias.  The  rock  underlying  it  is  a  fine-grained,  dark 
blue  rock. 

The  ironstone  deposits  themselves  consist  of  a  varying 
number  of  seams  which  are  interstratified  with  shale  whidi  is 
usually  of  a  blue  colour.  For  example :  At  Skelton  there 
are  four  seams,  which,  with  the  accompanying  shale,  make  up 
a  thickness  of  17  feet  7  inches  ;  at  Kildale  there  are  seven,  with 
shales  18  feet  4^  inches  ;  and  at  Grosmont  thirteen,  with  the 
shales  making  up  a  total  thickness  of  69  feet  2  inches. 

Most  of  the  nodules  and  firagments  of  iron  ore  take  the 
place  of  the  organic  matter  of  fossil  remains.  Thus  the  lowest 
of  the  seams  in  the  '  Main  *  deposit  is  known  as  the  *  Avicula ' 
seam,  from  the  abundance  in  it  of  the  fossil  shell  of  that 
name.  Higher  up  is  the  *  Pecten '  seam,  in  which  the  work- 
ings  are  chiefly  conducted.  Above  this  is  the  '  Sulphur  Band,' 
which  is  parted  by  a  thin  bed  of  shale  from  the  overlying 

*  Bewick,  Treatise  on  the  Clevdand  Trmstones^  186 1. 

U  2 
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'  Dogger  Band,'  a  seam  that  varies  in  thickness  from  1 1  inches 
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Capricornu  bedd,  lincoliuhire 
Upper  Lui  cUy,  NonhamptooihEri 


PUc«  otilie  lincoliuhin 
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:r  Jmusnc  Sdiata  of  Ehclahd,  mowiNo  thi  Pontio* 

YoiKSHIHB,    NOHTHAMrrOKSHIKB.  AND  LlHCOUISIIIU. 
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This  '  Main '  deposit  is  thickest  along  the  northern  boundary 
of  the  district    Starting  on  the  north-east  coast  line  the  beds 
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are  thinnest  between  the  Peak  and  Whitby.  From  this  point 
to  Boulby  there  is  a  great  aggregate  thidmess  of  ironstone 
beds,  but  they  are  widely  separated  by  shale.  North  of  Boulby 
the  seams  begin  to  coalesce ;  they  present  a  more  compact 
mass  at  Skinning  Grove,  and  reach  their  thickest  and  best  con- 
dition about  the  Eston  Hills,  where  they  are  18  feet  thicL  Fol- 
lowing the  western  boundary  southward  from  this  point  there  is 
a  similar  decrease  of  thickness  to  that  observed  on  the  east  coast 
boundary ;  imtil  at  Kildale  the  deposits  split  up  by  partings  of 
shale,  so  that  the  thickest  portion  is  not  more  than  3  feet  thicL 
The  Pecten  and  Avicula  seams,  which  are  sometimes  20  feet 
apart,  come  together  in  the  r^ion  about  Hutton  and  Grosmont 
At  the  latter  place  they  make  a  combined  thickness  of  about 
14  feet,  only  6  feet  6  inches  of  the  Pecten  seam  being  workable. 
Besides  the  fossil  shells  just  named,  nimaerous  terebratula  are 
foimd  throughout  the  whole  deposit,  which  are  converted  into 
ironstone.  At  Normanby  mines  the  deposit  shows  the  follow- 
ing section : 


1.  Top  block  of  ironstone-Dogger    . 

2.  Pyrites  band        .        .        .        .        , 

3.  Main  block  of  ironstone,   including  ^ 

Pecten  seam 80 

4.  Bottom  block  of  ironstone,  Avicula  seam  o    9 

Total  thickness    .  .  1 1     5 


ft.  in. 

2    6  left  to  support  the  roo£ 

o    2 


»» 


Working  beds. 


About  200  feet  above  this  Main  deposit  is  the  Top  Seam. 
It  is  situated,  as  seen  in  fig.  113,  at  the  top  of  the  Lias,  form- 
ing a  boundary  between  it  and  the  overlying  Oolite.  It  varies 
in  thickness  from  i  to  20  feet,  and,  unlike  the  Main  Seam,  it 
generally  thickens  from  north  to  south,  where  it  attains  its 
maximum  thickness.  Its  general  appearance  is  that  of  a 
coarse,  hard,  jilicious  ore,  of  poor  quality,  ranging  from  15  to 
20  per  cent  of  iron.  Here  and  there  it  contains  nests  of  fossil 
shells,  which  are  richer  in  iron,  yielding  from  30  to  36  per 
cent  Near  Rosedale  Abbey  it  passes  into  a  magnetic  ore, 
although  the  identity  of  this  particular  deposit  with  the  Top 
Seam  is  sometimes  questioned.  Successful  workings  have  been 
carried  on  in  this  seam  near  HenderweUi  on  the  coast,  but  for 
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the  jiosi  part  the  profitable  workings  act:  confined  to  the  Main 
Scam.  The  ores  of  the  two  Gcams  are  usually  described  as 
a^fillaceous  carbonates,  oad  the  followiDg  are  analyses  of 
medium  examples  of  the  ore  in  each  seam  : 

1.  Analyses  of  twelve  samples  from  the  Top  Seam  at 
Beckhole : 

Clay 30-ao 

Pewwide  of  iion          ....  51-00 

Alumina 6-00 

lime a-93 

Magaeaa 19-00 

Etjnal  to  metallic  iron SS"*"* 

2.  Analyses  of  sample  from  the  midst  of  die  Pectea  Seam 
or  the  Main  Block  at  the  Eston  Mines  : 

Water  io  combinatioD  .....  4*70, 

Phosphoric  acid 3-49| 

Caibonic  add 36-16 1 

Magnesia S'isl 

Alumina ia-66r 

Silica 6'oo 

Peroxide  cf  iron 3  -95 ) 

Protoxide  of  iron V>'^5 

Id  1877  the  amount  of  ore  raised  amounted  to  6,384,545 
tons,  of  the  value  of  1,021,238/.  lis.,  or  at  the  low  price  of 
about  3^,  ji/.  per  ton.  The  ore  was  produced  from  33  mines. 
In  1890,  according  to  the  Mineral  Statistics  for  the  United 
Kingdom,  no  ore  was  raised  or  sold  from  these  mines. 

Lituolnshire.^ — More  recent  is  the  discovery  made  some 
sixteen  years  ago  of  the  ironstone  bed  of  the  NW.  comer  of 
Lincolnshire,  and  its  introduction  to  commerce  by  Mr.  R. 
Winn,  M.P.  By  a  reference  to  fig.  113  it  will  be  seen  that  the 
LincolDshire  ironstone  bed  lies  lower  in  the  series  of  strata  than 
the  Main  deposit  of  Cleveland.  It  is  about  ^^  feet  in  thick- 
ness, and  it  abounds  in  Liassic  fossils, — ammonita  of  the 
keeled  varieties,  together  with  an  abundance  of  eardiums, 
■  Rev.  J.  E.  Cross,  Qitorttrfy  yaumai  Galogieal  Sedtty,  vol,  zxii. 
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«rhich  are  filled  with  calcite  and  are  beautifiilly  transparent 
The  base  of  the  bed  is  a  hard  limestone  band,  and  similar 
bands  are  intercalated  with  the  bed  and  contain  the  fossils. 
Between  these  limestone  beds  are  soft  ferruginous  beds  of  8 
dark  brown  colour  and  rubbly  texture,  which  also  contain  a 
good  proportion  of  brown  dust  They  contain  but  little  silica, 
but  abound  in  lime — rather  too  much  so  ;  but  ores  containing 
silica  are  obtained  and  mixed  with  these  in  the  proportion  of 
one  part  to  eight  3^  tons  of  the  ore  yield  i  ton  of  metallic 
iron,  giving  an  average  of  about  28  per  cent 

It  will  be  seen  that  above  this  principal  bed  there  is  a  thin 
band  of  ironstone  known  as  the  Pecten  bed.  It  is  a  rocky 
band,  4  feet  thick,  crowded  with  pectens.  Higher  up  still  there 
is  another  band  of  ironstone  known  as  marlstone.  Although 
neither  of  these  two  are  much  if  at  all  worked,  they  are  in- 
teresting as  appearing  to  be  on  the  horizon  of  the  Main  Seam 
of  Cleveland. 

The  ores  are  termed  hydrated  oxides,  and  in  1890  the  mines 
produced  981,400  tons,  of  the  value  of  122,675/.,  or  nearly 
2s,  $d,  per  ton,  and  averaged  33  per  cent  iron. 

Northamptonshire, — ^This  is  an  older  iron-producing  county. 
Its  ironstones,  as  will  be  seen  by  the  section  fig.  113,  appear  to 
occupy  the  place  of  the  top  ironstone  bed  of  Cleveland.  At 
Burghley  Park  Ironstone  Quarry  the  section  of  the  deposit 

stands  thus  :  * 

Top,  CoUyweston  slate. 

ft.   in. 

Sand  passing  downwards  into  blue  clay         .        .        6    6 

'  Best  black '  ironstone,  cellular    .        .        .        .  20 

Second  black  ironstone,  less  cellular  and  more  sandy  2    o 

Calcareous  band 06 

Bottom  ironstone,  cellular 20 

Green  ferruginous  stone 16 

Thin  ferruginous  band 09 

Upper  Lias  clay. 


*  '  Oolites  of  Noi^hampton,'  S.  Sharpe,  Quarterly  Jourftal  GeotogictU 
SocUty^  vol.  xxix. 
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The  ironstone  beds  appear  in  their  thickest  and  richest 
condition  at  Woodford,  Cranford,  Wellingborough,  and  the 
neighbourhood. 

Id  1890,  35  mines  produced  1,278,381  tons,  of  the  value  of 
143,818/.,  or  nearly  2s.  yi.  per  ton,  and  averaged  36  per  cent. 

Of  an  important  character  commercially  are  the  iron  ore 
deposits  of  the  N.E,  of  Ireland  referred  to.  They  occur  be- 
tween a  basaltic  bed  above  and  altered  limestone  below,  which 
is  taken  by  some  to  be  of  oolitic  age,  and  by  others  as  belong- 
ing to  the  older  tertiary  strata.  It  skirts  the  N.E.  coast  for  a 
length  of  70  miles.  The  ores  are  chiefly  aluminous  ores  and 
hematites,  which  lie  in  a  bed  in  the  following  order : 


50 


Bottom,  LithoDurgc 


The  beds  are  not  always  distinct,  but  merge  into  each 
other,  and  from  the  whole  the  ores  are  made  into  an  average 
containing  36  per  cent  of  metallic  iron.  The  ores  are  free 
from  phosphorus,  and  the  presence  of  alumina  acts  as  a  flux. 
They  are  largely  exported  to  Lancashire,  Cumberland,  and 
South  Wales,  for  admixture  with  other  ores.  In  the  year  1890 
the  production  of  these  iron  ores  in  Ireland  amounted  to 
159,368  tons,  of  a  value  of  31,853/. 
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CHAPTER  XXX. 

IRON—contwued. 

Ores  of  the  Dominion  of  Canada — Nova  Scotia — ^The  United  Stales: 
Eastern  States — Missouri — Michigan  and  Lake  Superior — Of  Austra- 
lasia— General  Deductions. 

The  Dominion  of  Canada.* — ^The  iron  ores  of  the  Dominion^ 
especially  those  of  Nova  Scotia,  are  increasing  in  importance. 
Those  of  Nova  Scotia  are  classified  as  follows : — 


Geological  formation 

Natture  of  ores 

Locality 

Recent 

Traps   and    dykes  ini 
Triassic    sandstones  1 
Coal-measures     . 

Carboniferous      lime-  j 
stone 

Devonian    .         .         | 

Silurian.      .         .         | 

Cambro-Silurian    and  r 
Cambrian         .         1 

Bog  ores     . 

Red  haematite  and  mag- 
netite 

Clay  ironstones    . 

Clay  ironstones  with 
red  haematite,  spathic 
iron,  and  limonite    . 

Specular  and  magnetic 
ores         ... 

Red  haematites,  specu- 
lar and  magnetic  ores 

Titaniferous  and  specu- 
lar ores 

Bloomfield 

}  Bay  of  Fundy 

Pictou  Coalfield 

)  French  River, 
J      Pictou 

)  Clement's     Port, 
'     near  Annapolis 
)  Londonderry,  Pic- 
i     ton 

)St.    Mary's  Bay, 
f     Digby 

The  Bloomfield  bog  ore  occurs  in  layers  of  six  inches  to 
one  foot  thick,  covered  by  a  few  inches  of  soil.  It  yields  25 
per  cent,  of  iron.     It  is  used  for  mixing  with  other  ores. 

Dykes  and  masses  of  trap  penetrate  and  are  interstratified 

»  Hartington,  in  Report  of  Progrtss  of  Giologual  Survey  of  Camtda^ 
1873^;  Gilpin,  Transactions  North  of  England  Mining  and  Meckanieai 
Engineers^  vol.  xxvi. 
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with  the  Triassic  sandstones  of  the  Bay  of  Fiindy,  and  inter- 
secting  these  are  numerous  veins  and  pockets  of  red  haematite 
and  magnetic  ores,  not  exceeding  a  foot  thick.  The  magnetite 
is  also  finely  disseminated  throughout  the  trap,  from  which^ 
when  powdered,  it  can  be  separated  with  a  magnet  Two 
analyses  of  these  ores  give  :  metaUic  iron  69 ;  oxygen  25  ; 
silica  5^,  with  traces  of  lime  and  magnesia. 

Little  attention  has  hitherto  been  paid  to  the  clay  ironstones 
of  the  Coal-measures. 

In  the  Carboniferous  limestone  of  Sutherlands  Brook  and 
French  River,  Pictou,  there  is  a  large  deposit  of  spathic  ore. 
It  is  a  sparry  carbonate  of  iron.  It  consists  of  three  beds, 
which  dip  south  at  an  angle  of  60°.  The  lov/er  and  upper  beds 
are  from  6  to  10  inches  thick,  and  the  middle  ^main'  bed 
is  from  6  feet  to  10  feet  thick.  Where  protected  from  the 
weather,  the  ore  is  of  a  grey  colour  with  a  pearly  lustre.  It 
contains  20  per  cent,  of  sesquioxide,  and  57  per  cent  of  car- 
bonate of  iron,  yielding  42  per  cent  of  metallic  iron,  and  it  is 
free  from  phosphorus. 

In  the  Silurian  strata  of  Londonderry,  at  a  distance  of  from 
1,200  to  1,500  feet  below  the  Carboniferous  strata,  is  an  impor- 
tant bed  of  limonite,  or  brown  iron  ore.  It  occurs  in  a  mass  of 
dolomitic  limestone,  30  to  150  feet  thick,  which  also  contains 
layers  of  breccia,  quartzites,  and  slates.  These  are  traversed  by 
veins  of  from  5  to  50  feet  wide,  in  which  the  ore  occurs  in  com- 
pact stalactitic  and  botryoidal  masses,  associated  sometimes 
with  micaceous  haematite. 

Titaniferous  iron  ore  is  found  as  sand  in  irregular  beds  at 
St  Mary's  Bay,  west  of  Digby.  At  Bay  St.  Paul,  on  the  north 
shore  of  the  Gulf  of  St  Lawrence,  is  a  bed  of  titanic  iron  ore, 
about  90  feet  thick.  The  ore  consists  of  36  per  cent  of  iron 
and  44  per  cent,  of  titanic  acid.  It  is  described  as  free  from 
manganese,  sulphur,  and  phosphorus. 

The  geological  survey  of  Canada  reveals,  as  it  progresses, 
similar  deposits  of  iron  ore  right  away  into  British  Columbia. 
The  quantity  of  iron  ore  raised  in  the  Dominion  in  1890  was 
76,511  tons,  of  a  value  of  38,845/. 
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United  States.— The  deposits  just  described  may  be 
taken  as  examples  of  similar  deposits  tiiat  occur  at  intervfds  all 
down  the  eastern  side  of  the  United  States,  and  which,  although 
very  extensively  worked,  do  not  require  special  descriptioD  '; 
here.  There  is  a  newer  deposit  in  Connecticut,  to  which  1 
may  just  refer.  This  is  the  Ore  Hill  Mine  of  Salisbury.  It  is 
a  vast  deposit  of  ochres,  clays,  and  hsematites,  of  Tertiary  age. 
The  ore  lies  in  irregular-shaped  masses.  It  ie  a  fibrous,  massive 
haematite,  which  yields  pig  iron  of  the  finest  quality. 

Missouri. — Proceeding  north-west  into  Missouri  we  find 
beds  of  brown  hjematite  abundantly  interstratified  with  the 
older  Cambrian  rocks,  and  which  are  largely  worked.* 

The  chief  interest,  however,  gathers  around  the  Iron  Moun- 
tain and  Pilot  Knob  of  Missouri.  The  first  of  these  is  a 
flat-dome-shaped  hill  that  rises  about  loo  feet.  It  is  niade  up 
of  red  felspatbic  porphyry,  and  forms  the  western  end  of  a  ridge 
Df  the  same  character. 

The  surface  of  the  hill  is  covered  to  a  depth  of  about  15 
feet  with  boutdets  of  all  sizes,  weighing  up  to  many  tons,  of 
nearly  pure  peroxide  of  iron.  These  are  closely  packed  to- 
gether, with  a  bright  red  ferruginous  clay  filling  the  interstices. 
Possibly  these  iron  boulders  are  the  sole  remains  of  an  igneous 
rock,  which  has  been  disintegrated  and  washed  away,  leaving 
these,  its  heaviest  por- 
tions, behind.  The 
source  of  these  boul- 
ders hod  not  recently 
been  found. 

Pilot  Knob  is  a 
higher  mountain,  rising 
650  feet  above  its  base. 
Its  structure  is  shown 
in  fig.  114. 

The  iron  beds  are  wide,  but  not  continuous  over  a  very 
large  area.    The  purest  of  them  have  a  somewhat  slaty  struc- 
ture, which  distinguish  them  fixim  the  ores  of  Iron  Mountain. 
'  Whitney,  MitaUu  Waitk. 
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Iron  Ores  ^  Michigan,  mar  Lake  Superior, — This  is  one  of 
the  most  important  regions  for  iron  ore  in  the  United  States. 

I  The  deposits  occur  as  a  vast  succession  of  thin  beds  in  tlie 
slaty  and  homblendic  rocks — 3   b  of   the  section,  fig.   58, 

[  Chapter  xviil    The  intimate  relationship  of  the  beds  to  the 
adjacent  strata  is  seen  in  Gg.  1 15. 

These  ferruginous  slates  form  a  belt,  varying  from  six  to 
twenty  miles  wide,  and  stand  out  as  successive  clifTs  of  from  50 
to  150  feet  high,  and  which  really  seem  mountains  of  iron  ort 
The  belt  extends  from  Lake  Superior  mto  Wisconsm,  a  length 
of  about  150  miles.  The  highly  ferruginous  deposits  are  not 
continuous  over  the  whole  of  this  length  but  occur  at  intervals 
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in  areas  extending  from  a  few  hundred  yards  to  over  a  mile 
long. 

Generally  speaking,  the  deposits  consist  of  peroxide  of  iron, 
mixed  with  much  silidous  matter.  They  occur  as  thin  alter- 
nating beds,  the  iron  at  times  consolidating  and  forming  beds 
/  of  great  thickness.  These  beds  are  traversed  by  joints  that  cut 
the  ore  into  square  blocks. 

In  one  mine  the  deposit  shows  the  varieties  of  structure 
enumerated,  having  in  the  centre  the  laminated  structure,  and 
passing  on  each  side  into  compact  ore  of  great  purity.  In  its 
purest  state  the  ore  is  a  compact  specular  ore,  having  profusely 
disseminated  through  it  ciystals  of  magnetic  oxide.  Some  of 
the  deposits  are  made  up  of  very  thin  bands,  not  exceeding  a 
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quarter  of  an  inch  in  thickness,  of  pure  fine-grained  peroxide  of 
iron  and  of  jaspery  ore.    On  the  Cleveland  location  the  deposit  I 
is  1,000  feet  thick  and  one  mile  in  length,  and  it  is  said  that 
the  supply  of  iron  ore  here  alone  is  sufficient  for  the  wants  of 
the  world  for  ages. 

The  iron  seems  to  have  been  deposited  contemporaneously 
with  the  material  of  the  slates,  and  with  it  has  received  a  rough ; 
sort  of  cleavage,  like  the  ferruginous  slates  of  the  Lingula  Flags 
near  Tremadoc,  North  Wales,  to  which  geological  horizon  it 
seems  referable.  Lingulse  are  abundant  in  the  overlying  sand- 
stone. 

The  average  percentage  of  iron  is  from  60  to  70,  and  the 
ore  is  said  to  contain  hardly  a  trace  of  sulphur,  phosphorus,  or 
titanic  acid.  The  deposits  were  first  worked  in  the  year  1855, 
when  the  production  was  1,457  tons.  In  1864  the  production 
had  risen  to  235,123  tons.  In  1877  the  production  of  metallic 
iron  was  1,020,859  tons.  The  total  production  of  pig  iron  in 
the  United  States  in  1890  was  over  10,250,000  tons  of 
2,000  lbs. 

Australasia. — ^The  production  of  iron  in  the  various  pro- 
vinces is  steadily  increasing.     In  1889  it  was  as  follows : 

Tons  Value 

New  South  Wales,  iron  exported        .        .     2,137  ;fi8,330 

,,             „         „    oxide  of,  exported  .       489  Ii329 

Victoria,  iron  ore       .        .        .        •        •           5^  5 

Tasmania .         .                  •         •         •                 —  — 


;fi9,664 

One  deposit  may  be  noticed.  This  is  an  important  deposit 
that  is  found  as  a  bed  between  the  Silurian  strata  and  the  Coal- 
measures  of  Wallerawang,  105  miles  firom  Sydney,  on  the  West- 
em  Railway.  The  deposit  is  made  up  of  two  beds,  that  contain 
two  principal  kinds  of  ore — ^magnetite  or  magnetic  oxide,  and 
brown  haematite  or  hydrated  oxide.  The  direction  of  the  beds 
is  NE.  by  SW.  The  magnetic  oxide  bed  is  from  13  to  23  feet 
thick,  and  it  yields  40  per  cent,  metallic  iron,  some  parts  of  the 
bed  giving  70  per  cent.  The  brown  haematite  has  not  been 
much  worked,  but  it  has  been  proved  to  a  thickness  of  ao  feet 
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Some  very  thick  and  good  beds  of  ironstone  occur  in  die  Coal- 
measures  of  the  same  district ;  and  as  the  coalfields  of  the 
continent  are  opened  out,  much  iron  ore  will  doubtless  be 
derived  from  this  source. 

The  foregoing  description  of  iron  ore  deposits  aJBTord  us 
illustrations  of  the  principal  ways  in  which  the  mineral  is  found 
all  over  the  world.  It  will  be  seen  that,  happily  for  man's 
needs,  the  ores  of  iron  have  both  a  wider  range  in  time,  and  a 
more  profusely  rich  geographical  distribution,  than  any  other 
metallic  ore. 

As  a  rule  we  find  the  magnetic  and  spathose  ores  prevailing 
in  the  older  rocks,  the  compact  and  crystallised  haematites  in 
the  Carboniferous  limestones,  and  the  more  clayey  and  earthy 
varieties  in  the  overlying  formations. 
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CHAPTER  XXXI. 

VARIOUS   METALS. 

Mcnmry  Ores  and  Distribution — Bismuth — Nickel — Platinum— Isidiom — 

Palladium  and  Tellurium. 

MERCURY, 

Mercury  is  found  in  a  native  form,  in  combination  with  silver, 
and  also  with  other  substances,  as  chlorine,  iodine,  and 
sulphur. 

Native  Mercury,  Quicksilver,  is  of  a  tin-white  colour, 
and  of  a  bright  metallic  lustre ;  it  occurs  in  a  fluid  form  as 
globules  ;  it  is  very  heavy,  its  specific  gravity  being  13 '6.  It 
becomes  solid  and  assumes  a  crystalline  form  at  a  temperature 
of  and  below  39®  F.  It  is  not  very  abundant  in  nature,  but 
occurs  in  most  mines  where  the  ores  of  the  metal  are  obtained. 

Native  Amalgam. — ^This  is  a  mixture,  when  pure,  of  fi^om 
64  to  72  per  cent  of  mercury,  with  from  28  to  36  per  cent  of 
silver,  and  it  is  of  a  silver- white  colour. 

Arguerite  is  a  variety  of  native  amalgam,  that  contains  only 
13-5  per  cent  of  silver. 

Sulphide  of  Mercury.  —  Cinnabar.  —  Vermilion.  — 
Chemical  composition  :  mercury  86*2,  and  sulphur  13 '8.  It  is 
in  colour  cochineal  red,  with  a  lead  grey  and  scarlet  red  tarnish^ 
and  a  scarlet  red  streak  This  is  the  ore  from  which  nearly 
all  the  mercury  of  commerce  Is  derived. 

Chloride  of  Mercury. — Calomel. — Horn. — Quick- 
silver.— Chemical  composition  :  mercury  85,  chlorine  15  ; 
colour,  light  yellow  and  grey,  and  of  an  adamantine  lustre. 
The  rarer  ores  of  mercury  are  : 
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Jodu  Merotry^  from  Mexico,  of  a  reddish-brown  colour, 
and  Sdenide  of  Mercury^  a  dark  steel-grey  ore  from  San  Onofie, 
in  Mexico. 

China. — In  the  far  East,  the  Chinese  work  mines  of  cinna- 
bar in  Shensi,  in  a  rude  manner.  Pits  are  dug  in  the  mercurial 
strata,  in  which  fires  of  brushwood  are  made,  and  metal  de- 
rived from  the  surrounding  strata  by  this  process  is  collected 
after  it  becomes  condensed  in  the  pits. 

Austria. — Near  Tobria,  some  distance  NE.  of  the  head  of 
Ae  Gulf  of  Trieste,  deposits  of  cinnabar  were  discovered  in 
the  year  1497,  and  they  have  been  worked  ever  since.  The 
deposits  occur  in  the  southward  continuation  of  the  Erzgebirge 
and  Bohemian  mountains,  whose  structure  and  metalliferous 
character  have  already  been  described.  The  ore  seems  to  be 
contained  in  the  schists  of  Cambro-Silurian  or  Cambrian  age. 
The  production  from  the  Idria  mines  in  1889  was  151295 
flasks. 

Spain. — In  Spain  the  chief  mines  of  mercury  are  those  of 
Almaden,  in  the  province  of  I^  Mancha,  on  the  borders  of 
Estremadura.  A  considerable  belt  of  strata  stretches  E.  and  W. 
from  Chillon  to  Almadenegos,  where  there  are  very  ancient 
mines.     In  1889  the  production  was  49,477  flasks. 

The  mines  of  Almaden  are  opened  in  three  beds  that  run 
parallel  to  each  other,  and  that  lie  something  like  contact 
deposits  between  Cambro-Silurian  sandstones  and  slates  above, 
and  a  metamorphic  rock,  locally  named  Fraylesca,  below.  This 
rocky  Fraylesca,  is  a  sandstone  metamorphosed  by  contact  with 
masses  of  diorite  that  underlie  and,  to  some  extent,  penetrate 
it  The  outcrops  of  some  of  these  masses  are  seen  on  the  sur- 
face not  far  from  the  mines.  The  three  mercurial  beds  make 
an  aggregate  thickness  of  firom  25  to  40  feet,  and  they  conform 
to  the  flexuosities  and  stratification  of  the  enclosing  rocks. 
They  appear  as  a  black  schist.  The  mercurial  vapours  seem  to 
have  penetrated  these  beds  firom  below  by  sublimation,  and  the 
ores  are  accumulated  in  great  masses  within  them,  and  also 
permeate  the  intervening  spaces.  The  mines  are  worked  to  a 
depth  of  about  1,000  feet.  At  this  depth  the  beds  are  40  feet 
thick.     The  yield  of  the  ore  is  10  per  cent.,  and  the  whole 
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thickness  pays  for  taking  out.*      The  production  during  the 
present  century  has  averaged  800  tons  a  year. 

Italy. — At  Ripa,  in  Tuscany,  cinnabar  is  obtained  from  a 
cluster  of  small  veins  that  range  through  mica  slate.  The 
Italian  mines  produced  10,000  flasks  in  1889. 

Germany. — Mercury  is  obtained  from  the  older  rocks  of 
Bavaria,  of  Hartenstein  in  Saxony,  and  of  the  Rhenish  pro- 
vinces, the  combined  production  being  estimated  at  350  tons. 

Sweden. — Mercury  is  obtained  to  a  small  extent  in  this 
country,  as  native  amalgam  and  sulphide. 

North  America. — In  California  the  ores  of  mercury  were 
discovered  between  the  years  1840-5,  and  in  1845  a  company 
was  formed  to  work  a  deposit  of  cinnabar,  two  or  three  miles 
up  one  of  the  tributary  valleys  of  the  San  Jose.^ 

The  strata  here  consist  of  alternate  beds  of  clayey  shale,  and 
layers  of  flinty  rock.  The  beds  are  highly  inclined  and  flexuous. 
The  ore  lies  in  intercalated  beds  of  various  thicknesses,  and  in 
the  intervening  strata  there  are  strings  and  bunches  of  the 
sulphide  of  mercury.  The  strata  and  the  ore  seams  are 
traversed  by  numerous  veins  of  carbonate  of  lime.  The  cavities 
containing  tlie  cinnabar  are  also  lined  with  carbonate  of  lime, 
in  which  there  are  small  globules  of  bitumen.  The  ore  is 
associated  in  a  slight  degree  with  the  sulphides  of  iron,  copper, 
and  arsenic.  Professor  Hoffman  gave  the  analysis  of  the  ore 
from  these  mines  as  follows  : 

Mercury      ...  ....         67*25 

Sulphur lo*33 

Silica,  alumina,  &c 22*55 

100*13 

At  the  New  Almaden,  the  principal  mine  in  the  district,  the 
prevailing  rock  is  a  greenish  talcose  slaty  rock.  The  ore  is 
disseminated  through  the  slate  in  a  yellow  ochreous  matrix 

*  I^  Play,   Obsa-vations  sur  Pllistoire  Natunlle  et  sur  Its  Richeua 
MiiUrales  <U  PEspagne* 

^  W.  P.  Black,  SillimatCs  American  JcunuU  qfScie/ue  (2),  p.  438. 

•  Dana,  Mituralogy^  p.  288. 
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forming  a  bed  42  feet  thick.  The  richcsi  ore  is  from  the 
upper  part.  The  roclc  is  a  metaniorphic  rock  much  tilted  and 
contorted,  but  its  exact  age  has  not  been  ascertained.  The 
total  production  of  California  in  1890  was  about  23,130  flasks. 

Mexico. — In  Mexico  the  ores  of  meicury  are  found  in  sevetaJ 
places.  At  San  Juan  de  la  Chica,  cinnabar  Is  found  in  a  vein 
varying  in  width  from  7  feet  to  a  feet  The  vein  traverses 
pitchstone  porphyry,  whicli  has  a  spherical  structure.  At 
Durasno,  cinnabar  mixed  with  globules  of  native  metal  is  found 
in  a  bed  resting  upon  porphyry,  and  surmounted  by  beds  of 
■haly  clay  that  contains  fossil  wood  and  coaL 

South  America, ^ — Near  the  villages  of  Azoque  and  Cuenca, 
in  the  province  of  Quito,  in  New  Grenada^  cinnabar  is  con- 
tained in  a  quartzose  sandstone  of  great  thickness,  which  also 
contains  fossil  wood  and  bitumen. 

Peru. — The  principal  deposits  in  this  country  are  those  of 
the  province  of  Huancavelica.  Mercurial  ores  have  been  founil 
in  between  forty  and  fifty  places.  The  '  Great  Mine '  of  Santa 
Barbara  has  been  worked  since  1566.  Through  the  system  of 
letting,  formerly  adopted  by  thi:  government,  the  niitiL-  has 
been  badly  worked,  and  a  large  portion  of  the  upper  and  rich 
workings  has  long  since  caved  ia  The  mine  presents  a  series 
of  underground  quarries  rising  in  steps  one  above  the  other. 
The  strata  consist  of  a  series  of  shales  and  sandstones  about 
350  feel  in  thickness.  They  lie  between  other  sandstones  and 
conglomerates,  and  dip  west  at  an  ang!e  of  64.  The  pro- 
duction is  estimated  at  about  goo  tons  a  year.  In  the  alluvial 
depodts  near  the  mines,  about  600  lbs.  of  native  mercury 
were  taken  out  of  a  ditch,  one  to  two  yards  deep,  and  the  allu- 
vium of  the  neighbourhood  seems  penetrated  with  mercuiy. 
Ores  of  mercury  are  also  found  under  similar  conditions  in 
Chili,  and  also  in  Brazil  at  i\  miles  from  Tripuhy. 

From  the  foregoing  remarks  it  will  be  seen  that  ordinarily 
the  geological  horizon  of  the  ores  of  mercury  ranges  from  the 
summit  of  the  Lower  Cambrian  rocks  to  the  base  of  the  Uan- 
dcilo  beds  of  the  Cambro- Silurian  strata ;  that  they  occur  in 
the  midst  of  eruptive  and  meUmorphic  rocks,  being  mostly 
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associated  with  greenstone  and  porphyry;  and  that  they  are 
frequently  accompanied  by  bituminous  matter.  Should  the 
strata  of  San  Jose  prove  of  more  recent  origin  it  will  be  seen 
how  very  similar  are  the  stratigraphical  and  petrological  con- 
ditions to  those  in  which  the  ores  of  mercury  are  found  in  the 
older  rocks. 

BISMUTH. 

This  metal  occurs  native,  and  also  associated  with  carbonic 
acid,  oxygen,  silica,  sulphur,  and  tellurium. 

Native  Bismuth. — Of  a  reddish  silver-white  colour,  and 
often  with  red,  brown,  or  yellow  tarnish.  Fuses  at  a  temperature 
of  476°  F.,  and  is  brittle  when  cold.  Specific  gravity  9*6  to  9*8. 
It  is  used  with  tin  and  mercury  to  form  mosaic  gold  for  orna- 
mental purposes,  with  lead  and  tin  to  make  toys  that  easily 
dissolve  in  warm  liquids.  A  small  portion  is  usually  put  into 
solder  required  for  lead,  pewter,  and  the  softer  metals,  and  it 
is  largely  employed  in  the  manufacture  of  printer's  type,  to  give 
a  sharp,  well-defined  face  and  edge  to  the  letters.  Its  ores, 
which  are  rare,  are  : 

Sulphide  of  Bismuth. — Chemical  composition  :  bismuth  81, 
sulphur  187. 

Acicular  Bismuth, — A  sulphide  of  bismuth,  with  portions  of 
lead  and  copper,  with  a  trace  of  gold. 

Tetradymite. — A  mixture  of  bismuth  and  tellurium. 

Silicate  of  Bismuth^  or  Bismuth  Blende. 

Cupreous  Bismuth^  Wittichite. — Chemical  composition:  cop- 
per 38*5,  bismuth  42,  and  sulphur  19*5. 

Bismuthite, — A  carbonate  of  bismuth,  with  a  little  sulphate 
of  bismuth. 

The  chief  source  of  bismuth  is  in  the  mines  on  both  sides 
of  the  Erzgebirge,  where  it  is  abundantly  associated  with  the 
ores  of  silver  and  cobalt  At  Schneeberg,  in  Austria,  it  is  found 
abundantly,  and  forms  tree-like  shapes  in  jasper.  It  is  found 
associated  with  copper  ores  near  Drammen  in  Norway.  About 
8  cwt.  was  obtained  in  1878  from  the  East  Pool  Copper  and 
Tin  Mine,  lUogan,  Cornwall.  The  colony  of  New  South  Wales 
exported  42  tons  in  1889.      ^^  is  ^so  found  irv  A^xcx&tv;:^^  'dX 

X  a 
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Lane's  Mine,  Monro,  and  at  Brewer's  Mine,  in  Chesterfield 
district,  South  Carolina.  A  lode  containing  the  mineral  was 
also  discovered  in  Tasmania  in  1875. 

NICKEL, 

Except  as  forming  from  5  to  10  per  cent  of  meteoric  stones, 
nickel  does  not  occur  in  a  metallic  form  in  nature,  imless  some 
masses  of  native  iron  which  have  been  discovered  in  the 
province  of  Santa  Catarina,  in  Brazil,  are  of  terrestrial  origin. 
These  were  found  to  contain  38  per  cent  of  nickel  The  metal 
is  produced  artificially  from  its  ores.  It  is  hard  an^  ductile^ 
takes  a  good  polish,  and  is  white  in  colour,  with  a  chade  of 
light  grey.  Its  ores  have  a  specific  gravity  ranging  from  5  to 
8.    The  following  are  the  principal  varieties : 

Copper  Nickel. — Nickeline. — Arsenical  Nickd. — Che- 
mical composition:  nickel  436,  arsenic  56*4;  of  a  copper-red 
colour  and  a  metallic  lustre. 

White  Nickel, — Rammelsbergite. — Cloanthite, — Chemical 
composition:  nickel  28,  arsenic  72,  but  often  with  small  pro- 
portions of  cobalt. 

Emerald  Nickel. — A  carbonate  of  nickel  containing  28-6 
of  water.     In  colour,  of  a  bright  emerald  green. 

There  are  several  varieties  of  the  above  ores,  but  as  they 
only  consist  of  slightly  varying  proportions  of  the  constituent 
minerals,  they  need  not  be  here  enumerated. 

The  whole  of  these  ores  are,  as  we  have  seen,  largely  asso- 
ciated with  those  of  lead,  copper,  silver,  and  other  ores.  It  is 
most  largely  combined  with  arsenic,  and  when  with  this  mineral 
it  is  eliminated  from  the  other  metals,  it  is  called  speiss.  It 
is  subsequently  treated  by  various  metallurgical  processes  in 
order  to  separate  it  from  the  arsenic. 

It  is  a  useful  metal  Alloyed  in  the  proportion  of  3  parts 
nickel,  8  of  copper,  and  3^  of  zinc,  it  constitutes  German  silver, 
which  is  whitest  and  hardest,  as  it  contains  the  largest  pro- 
portion, of  nickel. 

In  AusTRO-HuNGARY  it  is  associated  with  the  ores  raised 
in  the  various  mining  districts  already  described.    In  Germany 
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it  abounds  among  the  ores  of  the  Erzgebirge,  the  production 
being  about  100  tons  annually.  In  Stlesian  Poland  there  is  a 
production  of  3  or  4  tons  annually. 

In  Spain  a  silicate  of  nickel,  free  from  cobalt,  antimony, 
and  arsenic,  is  found  near  Malagar,  which  contains  a  percentage 
of  3*96  of  nickel. 

In  Norway  a  mine  was  worked  at  Espectalen  formerly, 
from  which,  in  two  years,  about  1854,  370  tons  of  ore  were  sent 
to  England. 

In  Great  Britain  nickel  is  found  associated  with  iron  at 
Voel  Hiradig,  Cwm,  in  Flintshire.  Since  1870,  675  tons  14 
cwt  of  nickel  iron  ore  have  been  raised  on  this  mountain,  of 
the  value  of  3,691/.,  or  about  5/.  10s.  per  ton.  The  average 
proportion  of  nickel  was  2*3.    There  was  none  raised  in  1890. 

North  America. — Canada, — Nickel  is  found  in  a  deposit 
that  lies  along  the  bedding  between  serpentine  rock  below,  and 
a  magnesian  limestone  above,  in  the  township  of  Oxford,  and 
province  of  Quebec,  Canada.  The  strata  are  referred  by  Dr. 
T.  Sterry  Hunt '  to  the  Huronian  strata,  the  equivalent  of  our 
Cambrian  group.  The  deposit  is  about  9  inches  thick,  and  it 
is  filled  with  calcite  containing  grains  and  crystals  of  the 
sulphide  of  nickel.  There  is  also  a  good  deal  of  chromite  and 
chrome  garnets.  Grains  of  the  nickel  ore  cluster  on  the  hang- 
ing wall  of  the  deposit,  or  bed,  as  it  really  seems  to  be.  Some 
of  the  crystals  are  of  great  size  and  beauty,  being  an  inch  long. 
The  proportion  of  nickel  to  the  mass  of  the  ore  is  from  3  to  4 
per  cent. 

In  Connecticut  nickel  is  found  near  Chatham.  The  veins 
in  which  it  occurs  traverse  mica  slate.  The  proportion  of  the 
combined  oxides  of  nickel  and  cobalt  to  the  bulk  of  the  stuff 
in  the  lode  is  2*2  per  cent,  but  when  washed  this  percentage  is 
brought  up  in  the  marketable  mineral  to  from  13  to  18  per  cent 

The  principal  vein  is  about  one  foot  wide.  It  is  filled 
chiefly  with  quartz,  garnet,  and  hornblende.  The  principal 
ore  is  smaltine,  an  ore  of  cobalt,  and  this  b  accompanied  by 
copper  nickel,  blende,  galena,  and  copper  pyrites.*  The  total 
production  of  the  States  in  1888  was  190,637  lbs. 

*  Engineering  and  Mining  yaumai  of  New  York^  vol  xxv.  p.  187. 
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In  SoiJTH  America  nickel  is  found  in  Brazil  along  witi 
other  oies. 

New  Calkdokia. — liuge  deposits  of  nickel  have  recently 
bees  discovered  at  Mount  d'Or,  twelve  miles  from  Nonmea, 
the  capita]  of  New  Caledonia.  The  mountain  rises  about 
1,700  feet  above  the  sea,  and  is  said  to  be  a  mass  of  nickd  ore. 
On  examination  it  will  probably^  be  found  to  consist  of  sla^ 
strata,  impregnated  or  sprinkled  with  the  ore,  and  to  be  tra- 
versed by  ranifUcations  of  veins  in  which  the  ore  is  con- 
centrated. Three  samples  of  the  ore  gave  respectively,  on 
analysis,  619,  336,  and  7-39  of  pure  nickel  The  first  ship- 
ments of  the  ore  to  London,  in  the  year  1875,  realised  75/.  per 
ton.     About  3,000  tons  have  been  shipped  since  1874, 

Associated  with  other  ores  as  it  is,  the  geological  horizon  of 
Tiickel  seems  to  be  that  of  copper,  and  the  lower  portions  of 
the  strata  containing  silver  lead  ores. 

PLATINUM. 

Native  platiaum  is  a  dark  grey  metal  with  a  shining  me- 
tallic lustre.  It  is  distinguished  both  by  its  extreme  infiisibility 
and  inalieability.  It  is  very  heavy,  its  specific  gravity  ranging 
from  16  to  19,  and  its  hardness  from  4  to  i;%.  It  occurs  in 
small  grains,  and  occasionally  in  lumps  weighing  several  pounds. 
The  largest  specimen  known  weighs  ailbs.;  it  was  found  in 
the  Urals,  and  is  in  the  DemidofT  Cabinet 

Thus  ^r  the  metal  has  been  obtained  from  superficial  sand 
and  detritus ;  but  it  seems  to  have  been  derived  originally 
fixim  the  same  source  as  gold,  being  associated  with  that  metal. 
It  is  always  found  alloyed  with  other  metals,  chiefly  with  the 
group  of  rare  metals  to  which  it  belongs — iridium,  rhodium, 
osmium,  and  palladiunL  The  composition  of  a  specimen  from 
Russia  showed — platinum  78*9,  iridium  5^0,  osmium  and 
iridium  1*9,  rhodium  0*9,  palladium  0*3,  copper  07,  and 
iron  11*0.  It  was  first  noticed  in  the  alluvial  deposits  of 
Choco  and  Barbacoa,  in  South  America,  and  attention  waa  first 
directed  to  it  by  Ulloa,  a  Spanish  traveller  in  America,  in 
1736,  when  it  was  brought  to  this  country.    On  account,  how- 
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ever,  of  its  extreme  infusibility — the  quality  that  now  makes  it 
so  valuable — ^it  remained  for  some  time  nearly  useless.  It  was 
WoUaston  who  discovered  the  process  of  precipitatmg  the 
platinum  in  a  solution  effected  by  nitro-chloro-hydric  acid  by 
means  of  chloride  of  ammonium.  From  this  precipitate  the 
platinum  can  be  reduced  to  the  metallic  state  by  simple  ignition. 
In  this  state  it  is  a  very  fine  black  powder,  which  is  strongly 
heated,  and  then  compressed  in  steel  moulds.  Canada  pro- 
duced i,ooo  ounces,  of  a  value  of  700/.,  in  1889. 

In  the  far  East  platinum  has  been  found  in  the  alluvial 
deposits  of  Borneo,  but  the  greater  part  of  the  platinum  of 
commerce  is  derived  from  the  Ural  Mountains,  particularly 
from  the  localities  of  Nischne  Tagilsk  and  Goroblagodat.  It 
is  found,  like  gold,  in  alluvial  beds.  These  have  been  traced 
up  Mount  La  Martiane.  This  hill  consists  of  crystalline  rocks, 
and  is  supposed  to  be  the  source  of  the  detritus  with  its  con- 
tained platinum.  The  proportion  of  the  metal  obtained  firom 
3,700  lbs.  of  sand  is  given  at  from  one  to  three  pounds. 

The  metal  has  also  been  found  in  North  Carolina,  along 
with  gold  ;  also  in  Columbia,  St  Domingo,  and  Brazil.  It  is 
also  obtained  in  grains  from  veins  in  the  Keuper  sandstones 
of  Harmer  Hill,  in  Shropshire,  into  which  it  was  possibly 
drifted  from  the  older  crystalline  rocks  of  North  Wales,  when 
these  sandstones  were  formed. 

The  production  of  Russia  is  firom  four  to  five  tons  a  yeai, 
the  rest  of  the  world  yielding  probably  another  ton,  of  which 
a  quarter  is  derived  from  Borneo. 

IRIDIUM, 

Iridium  is  one  of  the  rarer  metals.  It  is  tin-white  in  colour. 
It  is  usually  associated  widi  osmium,  palladium,  and  platinum, 
and  also,  in  California,  with  gold.  It  is  exceedingly  hard  and 
heavy.  It  has  been  used  for  a  long  time,  on  account  of  its 
hardness,  to  tip  gold  pens.  Latterly,  it  has  been  employed  ex- 
perimentally to  point  the  drills  used  in  rock-boring  machines, 
its  having  been  found  of  late  more  plentifully  in  the  gold  mines 
of  Western  America,  permitting  it  to  be  used  for  this  purpose. 
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PALL4DIUM, 

This  is  another  member  of  the  group  of  rarer  metals,  to 
which  those  just  described  belong.  It  was  first  discovered  by 
Wollaston  in  1803.  It  is  of  a  light  steel  grey  colour.  Its 
specific  gravity  is  1 1  'o.  Its  properties  are  like  those  of  plati- 
num, but  it  is  hardly  so  valuable,  and  it  is  soluble  in  nitric  acid. 
In  Brazil  this  metal  is  found  in  pure  grains,  associated  with 
native  platinum,  as  well  as  intimately  combined  with  the  latter 
substance. 

TELLURIUM, 

Tellurium  is  one  of  the  rarer  metals.  It  is  found  native, 
mixed  with  a  little  gold  and  iron,  at  Facebay,  in  Transylvania. 

It  is  also  found  in  the  mines  of  the  same  country  combined 
with  ochreous  matter,  in  small  white  or  yellowish  masses,  as 
telluric  ochre.  As  fiagyagite^  or  bicuk  or  foliated  tellurium^  it  is 
found  both  at  Nagyag  and  Offenbanya,  in  the  same  country. 
In  this  form  its  composition  is  :  lead  51  to  63,  gold  6  to  9, 
copper  and  silver  i  to  13,  tellurium  13  to  32,  sulphur  3  to  12, 
and  antimony  o  to  4*5.  As  graphic  tellurium^  or  silvanite,  it 
is  found  in  the  same  district,  its  composition  being  tellurium 
S9'6,  antimony  05  to  85,  gold  26*5,  and  silver  13*9,  with  lead 
o'2  to  1 9*5. 

Tellurium  has  lately  been  found  in  a  new  and  interesting 
combination,  in  the  Keystone  and  Mountain  Lion  mines  of 
Colorado,  Western  North  America.  An  analysis  by  Dr.  Genth, 
who  has  paid  much  attention  to  this  class  of  minerals,  gave  the 
following  results : 

Gold 0-60 

Silver        .......  0*07 

Tellurium 96-91 

Vanadium.         ......  0*49 

Oxide  of  iron 078 

Mercury,  oxide  of  aluminium,  and  potassium  1*15 

100*00 

Tlie  mineral  is,  however,  in  all  its  forms,  more  interesting 
scientifically  than  commercially. 
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We  have  now  reached  the  conclusion  of  the  description  of 
the  metallic  minerals  selected  for  notice,  and  I  pass  on  to 
review  the  principles  that  should  guide,  and  the  considerations 
that  should  affect,  the  search  after  metallic  minerals  and  the 
exploration  of  mines,  together  with  the  appliances,  mechanical 
and  otherwise,  by  which  the  workingof  mines  and  the  dressiqg 
of  ores  are  facilitated. 


i' 


CHAPTER  XXXIl. 

OV  THE  DISCOVERY  AND  PROVING  OF  MINES. 

Old  Supenlitions—Tlie  Strnta  conlaining  MctBlliferous  Mmera]i~The 
StiMiBrapliical  Zones  of  the  dllTerent  Minerals — Discovery  of  Mine^ 
apparcDLly  accidental,  not  rcslly  so — Surface  Indications — Shoding — 
Ekptoiers— Prospecting— Cod  tenls  and  Character  of  Lode—Proving 
ysj  Tienches,  Small  Shafts,  Adils,  Shafts,  and  Levels  along  Ix>de, 
Sumps. 

A  CURIOUS  chapter  mighl  be  written  on  the  superstitious  and 
magical  means  by  which,  in  times  past,  it  has  been  supposed 
that  minerals  might  be  discovered  ;  including  that  belief  in 
die  magical  power  of  the  'divining  rod'  which  even  now 
lingers  in  the  minds  of  men  whom  we  would  suppose  should 
know  better. 

Our  work  is  more  practical,  and  I  at  once  proceed  to 
notice  some  considerations  which  may  at  least  serve  to  keep 
us  from  searching  for  metallic  ores  where  they  are  not  to  be 
found;  and  also  prevent  our  spending  money  in  the  prosecu- 
tion of  mining  operations  in  the  midst  of  conditions  under 
which  we  cannot,  ordinarily,  hope  for  success. 

This  will  lead  me  to  recapitulate  some  of  the  inferences 
which  !  hdve  already  drawn  at  the  conclusion  of  my  account 
of  each  of  the  metallic  ores  already  described. 

And,  first,  we  have  seen  that  these  minerals,  with  few 
exceptions,  are  confined  to  the  older  strata  of  the  earth — from 
the  New  lied  Sandstone  downwards.  The  exceptions  are,  the 
ores  of  iron ;  the  occurrence  of  ores  where  newer  strata  have 
been  [lierced  by,  or  rest  immediately  upon,  rocks  of  an  intrusive 
nature,  as  in  the  deposits  of  the  Banat  in  Aitstro- Hungary  ; 
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and  where  metallic  ores  have  been  drifted  or  otherwise  derived 
from  older  strata,  as  in  the  cupreous  deposits  of  tlie  Triassic 
rocks,  or  of  the  Cretaceous  strata,  as  in  Algiers. 

These  are  not  important  exceptions.  Without  saying, 
therefore,  that  it  is  an  impossibility  to  find  productive  de- 
posits of  metallic  ores  in  the  Liassic,  Oolitic,  Cretaceous,  and 
Tertiary  strata,  we  may  content  ourselves  with  the  reflection 
that,  as  far  as  the  experience  of  the  past  is  concerned,  the 
occurrence  of  the  metallic  ores  in  these  strata  in  paying  quan- 
tities has  been  the  exception  and  not  the  rule,  and  that  all  the 
probabilities  are  against  the  attainment  of  success  in  such  a 
search.  The  search  may  consequently  be  left  to  ardent 
explorers  who  have  time,  money,  and  curiosity  sufficient  for  the 
task. 

It  is  rarely  that  deposits  of  copper  in  the  New  Red  Sand- 
stone have  paid  for  continuous  working,  so  that,  with  the 
exception  of  the  ores  of  iron,  or  where  the  newer  strata  are 
pierced  or  interbedded  with  igneous  and  metamorphic  rocks, 
it  is  in  the  strata  that  lie  from  the  summit  of  the  Millstone  Grit  ")  >C 
downwards  that  any  hopeful  search  for  metallic  minerals  must_y 
be  made. 

There  is  no  mistaking  the  locality  of  these  older  rocks. 
They  form  the  elevated  and  rugged  portions  of  the  globe,  and  (^   /! 
they  have,  as  I  have  shown,  all  over  the  world  a  general  course  ?^ 
or  direction  ranging  from  north-east  to  south-west  "^ 

The  search  for  all  metallic  ores  except  those  of  iron  is  -^ 
thus  practically  restricted  geographically  to  hilly  regions,  and    e  /> 
stratigraphically  to  the  rocks  lying  below  the  Coal-measmres.       ""^ 

Further,  the  data  we  have  collected  from  mines  and 
mineral  deposits  spread  over  different  parts  of  the  world 
show  that  certain  minerals  prevail  most  in  certain  well-defined 
stratigraphical  zones  or  groups  of  strata.  Thus,  leaving  out  of, 
consideration  the  rarer  metals,  we  find  that  tin  occupies  the 
lowest  of  these  zones — its  chief  place  being  in  granitic  rocks, 
which  are  seen  to  underlie  and  protrude  through  Lower 
Cambrian  strata ;  the  known  position  of  these  tin-bearing 
granites  in  various  other  countries  helping  us,  combined  with 
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Other  considerations,  to  determine  the  age  of  the  tin-bearing 
granites  of  Cornwall 

Nor  do  productive  veins  of  tin  ore  appear  to  have  been 
worked  profitably,  as  a  mle,  in  the  overlying  schists,  into  the 
exevices,  and  it  may  be  into  the  composition,  of  which  grains 
of  ore  were  washed  from  the  exposed  surfaces  of  the  older 
granites,  while  the  schists  were  in  various  stages  of  deposition 
and  shrinkage.  We  may  conclude,  I  think,  that  the  true  home 
of  tin  is  in  these  ancient  granitic  rocks. 

The  next  zone  in  ascending  order  must  be  given  to  copper, 
which  appears  to  occur  in  bulk  in  the  altered  Lower  Cambiian 
strata  of  Anglesea,  and  in  corresponding  strata  in  ComwaU, 
America,  and  elsewhere. 

Gold  in  productive  quantities  lies  a  litde  higher  up ;  its 

place  being  near  the  junction  of  the  Lower  with  the  Upper 

Cambrian  strata,  and  principally,  perhaps,  in  the  lowest  beds  of 

the  latter.    This  is  its  position  in  the  gold-bearing  rocks  of 

Merionethshire,  North  Wales ;  and  we  have  seen  how  it  is  so 

/"widely   disseminated  throughout  the  I^otsdam    sandstone  of 

Vv   Western  North  America,  with  its  associated  slates  and  meta- 

^^morphic  rocks. 

Silver  is  associated  to  some  extent  with  copper  and  gold  in 
their  true  horizons.  Indeed,  silver  is  for  the  most  part  an 
sssodated  metal.  Lead  and  blende  also  make  their  appear- 
ance eariy.  Thus  the  whole  of  the  foregoing  metals,  except 
tin,  are  found  intimately  mixed  in  the  bluestone  deposit  of 
Morfa-Ddu,  Anglesea,  but  the  true  horizons  of  silver-lead  and 
blende  lie  higher  up  in  the  series  of  strata. 

The  lower  productive  zone  of  lead  is  reached  in   the 

Llandeilo  and  Arenig  strata.     It  extends  upwards  to  the  base 

of  the  Bata  group,  and  downwards  to  the  Tremadoc  Slates  and 

Lingula  Flags.     It  is  not  worked  to  profit  in  these  older  rocks 

.     either  above  or  below  these  limits.    This,  too,  is  the  home  of 

f'C     silver,  and  from  this  horizon  it  is  most  abundantly  obtained, 

A     either  mixed  with  lead  or  in  its  own  rich  ores,  as  in  Western 

I    Am^ca. 

Some  locally  productive  lead  lodes  appear,  as  we  have 
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seen,  in  the  Middle  Devonian  strata,  but  the  next  great  plombi- 
ferous  belt  lies  near  the  base  of  the  Carboniferous  Limestone, 
as  in  North  Wales.  This  belt  is  divided  by  a  great  thickness 
of  unproductive  ground  from  the  uppermost  zone  that  lies  in  the 
cherty  and  calcareous  strata  of  the  Yoredale  rocks  or  base- 
ment beds  of  the  Millstone  Grit,  as  in  Flintshire,  Denbighshire, 
and  the  North  of  England. 

Zinc,  as  an  associated  mineral,  is  found  with  copper,  silver, 
and  gold  in  the  bluestone  deposit  of  Anglesea,  and  in  similar  old 
rocks  elsewhere  up  to  the  summit  of  the  Carboniferous  Lime- 
stone. Its  great  productive  zone  lies,  however,  as  in  Belgium 
and  North  Wales,  in  the  middle  beds  of  the  Carboniferous 
Limestone  ;  its  next  productive  zone  being  lower  down  in  the 
lead  deposits  of  the  Llandeilo  and  Arenig  strata.  To  these 
two  well-defined  zones  we  must  add  the  unique  deposit  in 
Silesia  in  the  limestone  beds  of  the  Muschelkalk,  as  described 
on  page  263. 

Here,  then,  we  have  the  accumulated  results  of  all  past' 
experience  guiding  us  to  well-defined  stratigraphical  horizons,! 
where  lie  the  chief  deposits  of  the  different  metallic  ores.. 
These  horizons  glide  into  and  are  connected  with  each  other 
vertically,  but  it  is  evident,  I  think,  that  the  chances  of 
successful  search  for  any  particular  mineral  lessens  as  we 
search  up  or  down  away  from  the  belt  of  strata  in  which  it- 
has  been  proved  to  attain  its  richest  condition. 

For  example,  tin  disappears  upwards  as  we  ascend  from  its 
granitic  home.  Copper  gives  place  to  tin  in  depth,  and  it  has 
seldom  been  worked  long  successfully  above  its  Cambrian 
horizon.  When  lead  lodes  pass  downwards  into  the  underlying  j 
Lingula  Flags  they  cease  to  be  worked  with  profit.  Upwards,  as  . 
they  enter  the  Bala  Beds,  they  become  charged  with  sulphate  of 
baryta  with  occasional  spots  of  lead,  and  this  alteration  con- 
tinues up  into  the  overlying  Wenlock  Shales  of  the  Silurian 
group  of  strata,  for  mines  worked  in  the  old-looking  shales  of 
North  Wales,  as  near  Llangollen  and  near  the  Vale  of  Clwyd, 
yield  much  baryta  but  little  lead. 

Given,  now,  a  district  where,  stratigraphically,  the  conditions 
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ore  favourable  foe  the  presence  of  any  one  of  the  metallic  ores, 
how  may  its  existence  be  ascertained,  and  the  pUces  where  it 
lies  be  discovered? 

As  a  matter  of  experience  we  have  seen  that  many  of  the 
richest  mines  have  been  discovered  byaccident  The  wayfarer 
resting  in  the  wilds  of  the  Saxon  forest,  and  picking  up  care- 
lessly a  stone  ;  the  muleteer  in  Brazil  scrambling  after  his  mule, 
and  pulling  up  a  tuil  of  grass  with  grains  of  gold  about  its 
roots ;  the  digging  of  a  mill  race  leading  to  the  race  for  gold  in 
California  ;  the  laggard  pilgrims  attracted  by  the  silver  ores  of 
Ruby  Mountain  ;  the  curiosity  excited  by  the  great  weight  of 
the  stones  in  California  Gulch  leading  to  the  discovery  of 
carbonate  of  lead.  These  are  a  few  examples  of  what  at  first 
seems  to  be  the  accidental  discovery  of  mines.  In  similar 
ways,  by  the  shining  grains  of  gold  in  the  rivers  along  which 
they  fished,  were  the  Indians  led  to  the  discovery  of  gold  in 
South  America  j  the  heavy  deposits  of  stream  tin  in  the  rivers 
of  Cornwall  would  attract  the  attention  of  the  Cornish  Celts, 
and  the  bog  impregnated  with  copper  the  old  Britons  of  North 
Wales. 

But  such  discoveries  were  accidental  only  by  reason  of  the 
previous  ignorance  or  indifference  of  the  dwellers  in  the  land, 
or  firom  the  absence  of  inhabitants  if  there  were  none.  For  in 
each  of  the  above  illustrations  there  were  natural  indications 
which  would  make  it  plain  to  intelhgent  seekers  that  valuable 
minerals  were  near.  Grains  of  gold  in  a  river-bed,  lumps  of 
lead  lying  in  the  flats  and  hollows  of  a  hilly  country,  springs  of 
water  charged  with  copper  or  iron,  point  as  clearly  as  they  can 
to  deposits  of  like  metals  of  more  or  less  value  lying  near. 
On  the  whole,  man  has  in  the  past  been  more  slow  to  learn 
than  nature  has  been  to  teach  him  the  way  to  her  hidden 
treasures. 

It  is  the  intelligent  and  persistent  following  of  such 
indications  that  has  often  led  to  the  discovery  of  the  parent 


Thus,  in  Brazil  the  miners  have  followed  the  alluvial  deposits 
of  gold  to  the  auriferous  half-formed  rock  cemented  together  with 
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iron,  and  beyond  this  to  the  real  rock  with  its  imbedded  gold. 
The  Australian  has  followed  his  recent  river  deposits  to  the 
more  ancient  deposits  of  the  same  character,  and  at  last  to  the 
quartz  reefs  themselves.  So  with  the  Califomian.  The  cupreous 
stream  in  Anglesea  revealed  the  spot  where  the  great  coppe. 
deposit  could  be  struck.  Of  later  years,  and  only  recently 
comparatively  speaking,  the  Cornish  man  has  followed  his 
stream  tin  up  the  streams  to  its  parent  granitic  rock. 

The  name  given  in  Cornwall  to  this  following  of  grains  and 
fragments  to  the  source  whence  they  were  originally  derived 
is  *  shoding/  because  the  mineral  was  traced  to  the  point  or 
ridge  where  it  had  been  shot  or  shed  ofif  from  the  original 
deposit.  It  is  soon  known  when  this  source  is  passed  upwards, 
by  the  cessation  of  the  appearance  of  the  minerals  sought  for 
in  the  drift  and  soil 

When  such  a  point  is  reached,  should  the  rock  be  covered 
with  driftal  matter,  trenches  have  to  be  cut  down  to  the  rock, 
so  as  to  expose  a  lode,  if  there  is  one,  and  experience  soon 
teaches  the  explorers  that  it  is  better  to  cut  across,  rather  than 
along,  the  known  course  or  direction  taken  by  the  strata  of  a 
district 

In  mountainous  districts  the  strata  are  already  laid  bare 
and  cut  through  to  a  great  extent,  by  the  streams  that  run  down 
the  hill  sides.  In  such  districts,  too,  there,  is  always  at  least  one 
man  to  be  found  who  is  a  bom  explorer.  In  Wales  he  is  often 
a  shoemaker  who  cannot  stick  to  his  last;  more  seldom  a 
blacksmith,  and  more  rarely  still,  a  gamekeeper  or  a  shepherd. 
Such  men  are  generally  possessed  of  intelligence  above  the 
amount  required  for  their  ordinary  calling  in  life.  They  are 
often  men  who  love  nature  for  her  own  sake.  They  love  the 
freedom  of  outdoor  life  also,  and  they  spend  much  time  in 
lonely  rambles  in  mountain  regions,  exploring  the  bed  of  every 
beck  and  bum.  It  does  not  detract  from  them  to  admit  that 
they  are  often  prompted  also  by  the  desire  of  acquiring  money 
and  fame,  which  they  could  not  hope  to  get  at  their,  own  trades. 
I  know  several  such  men.  The  world  owes  to  them  more  than 
it  will  ever  pay.     Few  things,  too,  are  more  enjoyable  than  a 
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walk  or  mountain  scramble  with  such  a  man  to  the  object 
of  his  discovery  and  enthusiasm,  and  many  such  walks  and 
scrambles  I  have  had. 

These  men  are  the  pioneers  of  mining  enterprise.  They 
search  along  the  beds  of  all  the  streams  within  their  reach, 
noting  every  white  vein  of  quartz  or  spar  of  any  kind  in  tlie 
rock ;  spying  out  specks  of  pyrites  which  may  lead  to  lead  or 
copper,  as  the  case  may  be,  and  carefully  observing  every  local 
change  in  the  structure  or  composition  of  the  rocks  themselves. 
In  this  way,  therefore,  by  diligent  search  along  mountain 
streams,  lodes  and  other  deposits  of  metallic  ores  are  intelli- 
gently discovered. 

In  the  Western  States  of  America  there  are  now  organised 
bands  of  such  explorers,  who  make  systematic  searches  during 
the  favourable  portions  of  the  year.  They  are  usually  experi- 
enced miners,  and  they  have  a  keen  eye  for  anything  like  a 
metallic  ore.  They  soon  learn  also  that,  as  the  most  persis- 
tently productive  metalliferous  lodes  run,  roughly,  east  and  west, 
it  is  in  the  river  beds  and  gorges  that  cross  this  direction  in 
which  they  will  have  the  most  chances  of  success. 

It  will  be  readily  understood  from  the  remarks  made  in  the 
i  first  half  of  this  chapter  that  a  little  geological  knowledge,  and 
an  acquaintance  with  the  most  metalliferous  zones  of  strata, 
would  have  saved  all  such  explorers  much  vain  search.  For 
example,  there  would  in  our  own  country  have  been  litde  need 
to  have  searched  for  lead  in  the  widely  spread  regions  covered 
with  the  deposits,  many  thousands  of  feet  in  thickness,  that  lie 
between  the  summit  of  the  Llandeilo  Beds  and  the  middle  of 
the  Devonian  series. 

A  metalliferous  lode  having  been  found  in  a  suitable  posi- 
tion, it  must  next  be  observed  that  it  seldom  shows  its  contents 
in  their  true  condition  near  to  the  surface.  There  it  is  more 
or  less  in  a  decomposed  condition.  The  iron  which,  in  the 
form  of  pyrites,  is  present  in  most  metallic  lodes  has  become 
an  oxide  by  long  exposure  to  the  atmosphere,  and  it  presents 
the  rusty  appearance  known  as  gossan.  Of  course  there  may 
be  nothing  in  the  lode  below  but  iron  pyrites,  but  usually  there 
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are  associated  metals  of  more  value.  Hence  the  German 
rhyme — 

There  b  no  lode  like  that, 
Which  has  an  iron  hat 

The  kind  of  metallic  mineral  lying  below,  if  any,  may  be  in- 
ferred in  two  ways :  first,  from  the  particular  horizon  of  strata, 
that  is,  the  geological  formation,  and  the  particular  part  of  that 
formation  in  which  the  lode  lies  ;  and,  secondly,  from  the  colour 
of  the  associated  matter — copper  being  oxidised  or  carbonised, 
giving  a  reddish  or  greenish  hue,  tin  a  blackish,  lead  a  greyish, 
and  blende  a  yellowish  brown  colouring  to  the  deposit  Fol- 
lowing the  lode  down  beyond  the  action  of  the  atmosphere,  the 
presence  of  each  metal  will  become  better  defined,  and  will 
assume  its  true  characteristics  and  proper  appearance. 

The  question  of  the  probability  of  the  productiveness  of  a 
lode  will  be  afifected  at  the  outset  by  some  general  considera- 
tions, as  the  following  examples  will  show.  If  it  is  a  tin  lode, 
by  the  character  of  the  granite  in  which  it  occurs — ^is  the 
granite  schorlaceous  and  partly  decomposed,  the  condition 
under  which,  as  we  have  seen,  tin  is  most  plentifiil  and  is  most 
profitably  worked  ? 

If  it  is  a  supposed  auriferous  quartz  reef,  has  the  quartz  that  i 
massive,  compact,  opaque  form  in  which,  as  a  matter  of  experi-  1 
ence,  gold  is  least  plentiful  ?  or  is  it  comby,  drusy,  sugary,  and    . 
plentifully  sprinkled  with  pyrites,  which  have  proved  the  con- 
ditions in  which  gold  has  been  most  abundantly  found  ? 

If  it  is  a  true  silver  lode  in  the  older  rocks,  does  it  lie  in     , 
metamorphic  rocks  either  as  a  true  vein  runmng  across  them,     \ 
or  as  a  parallel  and  contact  sort  of  vein,  like  that  of  the  Com- 
stock,  shown  in  fig.  39  ? 

If  copper,  is  it  in  ordinary  clay  slate,  where  usually  copper 
is  not  found  in  payable  quantities?  or  in  metamorphic,  hom- 
blendic,  and  chloritic  slates,  like  those  of  Cornwall  and  Anglesea? 
and  are  these  associated  with  igneous  rocks,  like  those  of  Africa 
and  of  the  mines  of  Lake  Superior  ? 

If  it  is  a  lead  lode  in  the  older  strata,  is  the  lode  a  hard, 
compact,  quartz  lode,  with  only  spots  and  strings  of  lead,  whigh 
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is  uniavourable  ?  or  a  loose,  spany  lode,  consisting  of  quartz, 
carbonate  of  lime,  and  otlier  spany  matter,  with  lead  filling  the 
interstices,  which  is  favourable  ?  Is  it  an  ill-defined  lode,  filled 
with  ftagments  hardly  disdnguishable  from  the  surrounding  rock, 
and  containing  very  little  spar,  which  is  unfavourable?  or  well 
defined,  with  these  fragments  cemented  together  by  plenty  of 
quartzy  and  calcareous  spar,  and  with  lead  sprinkled  through- 
lOut,  which  is  more  favourable?  If  composed  chiefly  of  blende 
Incar  the  surface,  does  the  blende  give  place  to  lead  in  depth, 
I  so  as  to  verify  the  saying  which  is  more  applicable  to  lead  lodes 


in  these  old  rocks  than  to  those  in  the  Carboniferous  Limestone 
I — 'Black  Jack  rides  a  good  horse? ' 

These,  among  other  considerations,  which  will  be  suggested 
by  a  perusal  of  the  foregoing  pages,  will  help  very  materially  to 
determine  at  the  very  beginning,  or  nearly  so,  whether  a  lode 
or  other  deposit  is  worth  much  further  exploration. 

Supposing  the  general  conditions  and  appearances  of  alode 
to  be  favourable,  the  question  next  arises,  '  What  are  the  best 
ways  of  proving  its  capabilities  ? '  in  order  to  decide  the  further 
question,  '  Is  it  worth  while  to  incur  the  cost  of  buildings, 
machinery,  and  plant? ' 

If  a  lode  crosses  a  comparatively  flat  district,  where  it  can- 
not be  struck  in  depth  by  means  of  an  adit  level,  it  will  be 
proper  to  proceed  to  prove  its  capabilities  in  one  of  the  fol- 
lowing ways  :  First,  by  sinking,  with  the  help  of  a  windlass  or 
horse  whim,  small  shafts  along  its  course.  This  process  is 
known  in  Cornwall  as  '  costeaning.'  Secondly,  by  taking  a 
shaft  down  the  dip  or  hading  of  the  lode  to  a  depth  of  lo  or 
3o  fathoms,  and  at  a  likely-looking  place  to  carry  a  tunnel  li^t 
and  left  for  some  distance  along  the  course  of  the  lode,  and,  if 
the  exploring  shaft  is  taken  deeper,  by  driving  a  similar  level 
10  or  15  fathoms  below  the  first  In  sinking  such  a  shaft  it 
should  be  observed  in  which  direction  the  shoots  or  courses  of 
ore  dip.  The  direction  taken  by  them  will  influence  the  driving 
of  the  levels,  as  well  as  the  distance  apart  at  ivhich  these  levels 
should  be  driven.  Or,  thirdly,  if  the  prospects  of  the  lode  are 
at  first  pretty  good,  a  perpendicular  shaft  may  be  taken  down 
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SO  as  to  cut  the  lode  at  a  given  depth,  like  the  shaft  at  the  Van 
Mine,  only  it  need  not  be  so  deep,  as  shown  in  fig.  83.  From 
the  point  at  which  it  strikes  the  lode,  levels  may  be  taken  right 
and  left  along  the  lode  in  order  to  prove  it,  as  in  the  second 
case.  If  the  prospects  are  vexy  good,  this  shaft  may  be  taken 
down  of  sufficient  size  and  depth  for  permanent  use,  and 
adapted  for  pumps  and  cages  as  in  a  coal  mine,  or  as  shown  in 
fig.  119.  Ordinarily,  however,  at  the  commencement  of  a 
mining  undertaking,  it  will  be  more  prudent  to  take  it  down  of 
a  smaller  size,  but  suitable  for  an  air  shaft  when  the  mine  is 
worked 

As  the  sinking  of  shafts  entail  the  cost  of  winding  and 
pumping,  wherever  possible  a  lode  should  be  proved  by 
means  of  an  adit  level,  driven  so  as  to  cut  the  lode  at  as  great 
a  depth  from  the  surface  as  practicable. 

Where,  as  in  the  Cliff  Mine,  fig.  61,  a  lode  runs  down  the 
face  of  a  hill  into  a  valley,  the  adit  level  should  be  taken  along 
the  lode,  proving  it  every  fathom  it  is  driven.  It  is  desirable 
also  that  sumps,  winzes,  or  small  shafts  should  be  sunk  at  in- 
tervals along  the  floor  of  the  level  down  the  course  of  the  lode 
to  prove  it  in  depth. 

Where,  however,  a  lode  runs  parallel  to  the  face  of  a  moun- 
tain, the  adit  level  must  be  driven  as  a  cross  cut  to  intersect 
the  lode,  as  in  the  case  of  the  Van  lode,  fig.  83,  or  as  in  the 
case  of  the  deep  level  now  being  driven  with  a  view  of  cutting 
the  copper  deposit  of  Anglesea  in  depth,  as  shown  in  fig.  53. 
When  the  lode  is  reached,  levels  will  be  driven  along  it  as  in 
the  former  case. 

We  have  already  seen  that  lodes  are  more  productive,  even 
in  mineralised  zones  of  strata,  in  some  beds  than  in  others 
Care  must  therefore  be  taken  not  to  drive  along  the  lode  in 
soft  strata,  where  the  lode  is  comparatively  unproductive,  as  is  too 
often  done  ;  nor  in  those  bands  of  hard  rock  where  the  lode  is 
pinched  and  often  poor ;  but  in  the  beds  which  are  known  as 
usually  the  most  productive  in  the  district. 

It  will  be  seen,  therefore,  th...t  one  of  the  essential  qualifica- 
tions of  a  mining  engineer  or  mine  captain  is  a  tolerably  exact 

va 
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knowledge  of  the  geological  structure  of  the  district  in  which  he 
works,  together  with  the  character,  composition,  thickness,  and 
the  amouDt  of  the  inclination  of  the  strata  traversed  by  a  lod& 
Otherwise  he  may  be  found  spending  money  in  vain  by  driving 
in  the  soft  or  gritty  beds  tlial  lie  between  runs  of  ore  like  those 
shown  in  the  di.igram  of  the  Snailbeach  Mine,  fig.  8i,  or  in  the 
unproductive  shale  beds  of  the  Carboniferous  limestone,  shown 
in  figs.  90  aiid  95. 
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CHAPTER  XXXIIL 

ON  THE  WORKING  OF  METALLIFEROUS  MINES, 

Shafts:  Vertical,  Diagonal — Arrangement  —  Winding  Compartment  — 
Pumping  Compartment — Ladders — Man-Engines — Cages  and  Guides — 
Adit  Levels— Working  Levels — Winzes — Stopes — Timbering — Inm- 
stone  Mining  in  Coal-measures — In  Jurassic  Strata. 

I  WOULD  explain  at  this  point  that  it  forms  no  part  of  the 
design  of  this  book  to  enumerate  the  details  of  mine  carpentry 
or  mechanics,  or  to  give  a  minute  description  of  mining  tools 
or  the  way  to  handle  them.  I  propose  to  give  general 
principles,  with  selected  illustrations  of  their  application,  and 
I  would  refer  the  unprofessional  reader  who  may  desire  to 
pursue  this  part  of  the  subject  in  greater  detail  to  the  excellent 
lectures  and  books  mentioned  below.  * 

The  young  professional  reader  will,  in  addition  to  the 
careful  study  of  such  books,  learn  such  details  best  in  actual 
practice  at  a  mine. 

As  far  as  actual  excavation  goes,  metalliferous  mines  are 
worked  by  means  of  shafts^  levels^  winzes^  and  stopes.  I  have 
already  in  the  last  chapter  referred  to  the  two  first  of  these —  / 
shafts  and  levels  —but  it  will  be  necessary  to  notice  them  more 
particularly  in  their  relation  to  the  permanent  working  of  the 
mine. 

»W.  W.  Smyth's  Matures  on  Mining,'  Mining  Jowmal^  1875-6; 
Jefferson,  <  Notes  on  Clausthall  Lectures  on  Mining/  Mining  Jfmmal^ 
1877-8-9  ;  J.  H.  Collins,  A  First  Book  of  Mining  and  Quarrying  (Crosby 
Lockwood  &  Son)  ;  William  Morgans*  Manual  of  Mining  Tools,  with 
Atlas  of  Engravings  (Crosby  Lockwood  &  Son) ;  G.  G.  Andre,  Afimttg 
Machin4ry,  Tools,  6-f.  (E.  &  F.  N.  Spon). 
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As  far  as  practicable  ihe  preliminary  exploratory  work 
should  be  planned  so  as  to  fit  in  with  the  general  subsequent 
worluog  of  the  mine,  if  the  result  should  prove  successful. 


I 
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and  the  following  considerations  would  have  to  be  taken  into 
account  in  fixing  the  site  and  position  of  the  works  : 

Charaeter  of  shafts. — One  of  the   first  questions    to  be 
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decided  will  be  the  character  of  the  proposed  principal  shaft  of 
the  mine.  Is  it  to  be  perpendicular,  or  sloping  down  the  dip 
of  the  lode  P 

If  the  dip  or  'hadii^'  of  the  lode  is  steep ;  if  the  known 
productive  ore  strata  are  of  great  thickness,  as  in  the  Van 
Mine,  fig.  83,  or  if  not  thick  the  dip  is  very  great,  and  the 
lode  dips  in  the  same  direction,  as  shown  in  fig.  ri6,  the  shaft 
should  be  vertical 


The  '  hading '  of  the  lode  and  the  dip  of  the  strata  being 
known,  the  shaA  should  be  placed  so  as  to  command  as  large 
a  portion  of  the  lode  as  possible  with  the  smallest  amount  of 
cross-cutting.  If,  for  example,  it  is  known  that,  barring 
unknown  faults,  the  mine  may  be  worked  to  a  depth,  say  of  a 
hundred  fathoms  below  adit,  the  shaft  should  be  arranged  so 
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as  to  intersect  the  lode  50  fathoms  or  half-way  below  the  adit, 
leaving  the  latter  to  provide  for  the  working  of  the  portion 
of  the  lode  that  lies  above  it  If  the  lode  be  a  flat  or  gently 
sloping  lode,  or  if  the  ore-bearing  strata  are  thin,  or  dip  in  a 
contrary  direction  to  the  lode,  it  will  be  better  to  work  the 
mine  by  a  sloping  shaft  driven  down  the  course  of  the  lode,  as 
shown  in  fig.  117,  to  the  base  of  the  strata,  or  continued 
to  productive  strata  below,  where  probably  there  may  be  floors 
and  courses  of  ore. 

In  slanting  shafts  the  angle  of  the  incline  will  be  affected 
at  times  by  faults  or  by  variations  in  the  course  of  the  lode  as 
it  passes  through  soft  yielding  strata.  In  such  cases  the  good 
miner,  having  found  the  lode,  will  be  careful  to  take  the  shaft 
down  to  it  as  nearly  on  one  plane  of  inclination  as  possible,  as 
illustrated  in  the  figure  117. 

These  two  examples  of  shafts  will  afford  a  clue  to  determine 
the  course  to  be  pursued  in  other  variations  of  condition  that 
may  occur. 

The  chief  points  to  be  determined  are  :  the  amount  and 
the  direction  of  the  dip  of  the  strata  ;  the  amount  of  *  hading ' 
and  the  direction  of  the  lode ;  and  the  character  of  the 
strata  in  relation  to  the  productiveness  or  otherwise  of  the 
lode. 

A  good  example  of  a  slanting  shaft  is  seen  at  the  Botallack 
Mine,  Cornwall,  and  another,  on  a  much  smaller  scale,  at  the 
Llanrwst  lead  mine,  Carnarvonshire.  Many  examples  occur  in 
the  Erzgebirge  mining  district  of  Germany. 

The  position  of  both  kinds  of  shafts  should  also  be  fixed, 
if  possible,  so  as  to  have  a  fall  for  the  ore  from  the  pit's  mouth 
through  the  dressing  sheds  to  the  ore  bin. 

Size  and  arrangement  of  shafts. — These  principal  shafts  of 
^  ,\  a  mine  should  be  of  ample  size,  for  (i)  the  winding  up  of  the 
ore ;  (2)  for  pumping ;  and  (3)  for  the  ingress  and  egress  of  the 
miners.  Fig.  118  is  a  representation  of  an  ordinary  vertical 
shaft  I  is  the  central  winding  compartment ;  2,  the  pumping 
division  ;  3,  the  ladder  way;  4,  the  platform  at  the  junction  of 
the  ladders;  5  is  an  intermediate  level  or  cross-cut;  and  6 
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■hows  3.  portion  of  the  partition  by  which  the  ladder  way  must 
now  be  shut  off  from  the  rest  of  the  shaA. 

Usually,  and  especially  in  small  mines,  the  arrangement 
is  less  complete,  the  shafts  in  limestone  mining  districts,  &ii 
example,  often  being  not  more  than  4  feet  in  diameter,  with 
scarcely  room  for  kibbles  of  the  size  of  large  buckets  to  past 
each  other,  i  z  feet  by  9  feet 
may  be  given  as  the  ordi- 
nary size  of  a  shaft,  such  as 
isshown  infig.  118.  i4feet 
by  10  feet  would  be  better 
wherever  it  is  practicable. 

The  common  winding 
arrangement  is  that  shown 
in  the  figure.  The  kibbles 
being  unguided,  the  wind- 
ing has  to  be  careful,  and 
comparatively  slow,  lest  the 
kibbles  should  come  into 
collision  in  passing  each 
other,  which  they  some- 
times do,  a  swinging  and 
rotatory  motion  being  al- 
most unavoidable.  In  this 
respect  metalliferous  mines 
are  behind  collieries,  in 
most  of  which  now  guides 
of  wood  or  iron  are  fixed 
down  the  shaft  for  the  gui- 
dance of  cages,  which  have 
been  substituted  for  loose 
swinging  bowks  or  kibbles. 

In  some  of  our  principal  mines,  the  Van,  for  example,  Als 
better  arrangement  has  been  adopted,  with  great  saving  of 
manual  labour  and  money  in  the  extraction  of  the  ore.  It 
can,  of  course,  be  adopted  in  the  case  of  sloping  or  diagonal 
thafts ;  and  after  a  mine  has  attained  a  certain  depth,  or  arrived 
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1  of  guides  and 


at  a  certain  stage  of  development,  the  adoptio 
cages  should  be  rendered  compulsory. 
]  The  chief  difficulty  in  sinking  shafts  consists  i 
'  through  the  superficial  drift  or  bog  that  overlies  the  solid  rock. 
Otdinarily  this  is  not  so  thick  or  troublesome  in  metalliferous 
mining  districts  as  in  colliery  districts.  Still  a  good  thicluiess 
of  loose  or  boggy  matter  is  sometimes  found.  The  great  thing 
in  such  cases  is  to  get  a  set  of  good 
sinkers  who  know  their  work,  and  to 

t"  ^\l  W''\^''^'      *"">'sh  them  with  a  plentifiil  supply  of 

j*'.il  *  ll'i-'S      planks  and  poles.     By  driving  these 

close  together  as  a  piling,  and  in  a 
,,  ,.,       sloping  direction,  away  from  the  centre 

■^yf*  '  Ir'i'J?'-       ^^  '^^  shaft,  as  shown  in  fig.  1 19,  tfie 

^mi  irifs^^      *'*''^'  ground  will  be  gradually  got 

throtigli.  Of  course,  the  looser  the 
ground  the  more  closely  and  carefully 
should  the  planks  be  fitted  and  pro 
tected  from  an  outward  as  well  as  ail 
inward  thrust. 

The  shafts  I  have  described  are 

""^  "'L^rS^'ulIif  "*" '"  used  largely  for  the   passage   of  the 

II,  piinkpit*.   31.  Squm      miners  to  and  from  the  workings  of 

'""   ''""^  the  mine,  and  the  mode  of  this  passage 

has  been  chiefly  by  means  of  ladders,  as  shown  in  fig.  1 18. 

Formerly  these  ladders  were  of  great  length,  and  were  fixed 
very  steeply,  often  perpendicular,  and  overhanging  at  the  top, 
SO  that  nearly  the  whole  weight  of  the  ascending  or  descending 
miner  hung  upon  his  hands  and  arms,  by  which  he  had  to  pull 
himself  up,  or  let  himself  down. 

fiy  the  Metalliferous  Mines  Regulation  Act  of  187a,  the 
I  ladders  must  now  be  fixed,  as  shown  in  fig.  118,  at  'the  most 
convenient  angle  which  the  space  in  which  the  ladder  is  fixed 
allows,  and  every  such  ladder  shall  have  substantial  platforms 
{4,  fig.  118)  at  intervals  of  not  more  than  ao  yards.'  The  sepa- 
ration of  this  part  of  the  shaft  from  the  other  divisions  is  also 
now  rendered  comoulsory. 
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Still  the  ascent  of  men  from  mines  ranging  from  loo  to  aoo 
fothoms  in  depth  is  very  laborious  and  exhausting,  especially 
coming  as  it  does  at  the  close  of  a  hard  day's  work.  It  takes 
the  strength  out  of  the  men,  and  it  has  been  proved  to  induce 
various  diseases,  and  to  materially  shorten  the  miner's  life. 

During  the  last  hundred  years  mines  have  attained  a  depth 
previously  unknown,  and  attention  has  been  directed  towards 
the  discovery  of  some  way  or  other  by  which  this  laborious  pro- 
cess may  be  avoided. 

It  occurred  to  a  German  miner  in  the  Haitz,  as  he  looked 
at  the  action  of  the  pump  rods, 
whether  it  would  not  be  possible 
by  placing  steps  on  similar  rods 
opposite  to  each  other  to  raise  a 
man  up  the  length  of  the  ascend- 
ing rod,  and  then  by  his  stepping 
on  a  platform  on  the  rod  which 
had  just  descended  he  could  be 
raised  by  the  length  of  another 
stroke,  and  so  on  to  the  top  of 
the  mine  ;  time  being  given  be- 
tween the  strokes  for  the  man  to 
step  from  one  platform  to  another. 

This  idea  resulted  in  the 
'  Man-Engine,'  Fahrekunst,  as 
the  Germans  call  it,  which  was  ; 
adopted  in  the  Hartz  mines  in 
the  year  1830,  and  some  time 
afterward  in  the  Tiesavean  Mine 
in  Cornwall. 

In  the  latter  county  the  ma- 
chines are  now  formed  of  solid 
wooden    rods,    like    pump   rods.    Fic.  ua-SKcrtOTt  or  SHArr,  wrm 
The  stroke  of  the  rods  is  12  feet,  'Man-e™™- 

and  5  strokes  a  minute  gives  60  feet  in  that  time,  or  loo&thomB 
every  ten  minutes.  The  machines,  of  which  fig.  lao  will  give 
an  idea,  ars  worked  by  engines  placed  at  some  distance  from 
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the  shaft,  and  with  which  they  are  connected  by  means  of 
horizontal  rods  like  pump  rods — care  being  taken  to  avoid 
sudden  and  jerky  action. 

A  very  important  man-engine  is  now  in  course  of  erec- 
tion at  the  Maria  Shaft  at  Przibram,  in  Bohemia,  to  replace 
one  made  of  iron  that  has  been  in  use  since  the  year  1867. 
The  total  depth  of  the  shaft  will  be  over  1,000  yards.  The 
rods  for  the  machine  are  made  of  the  best  steel,  so  as  to  com- 
bine lightness  with  strength.  The  rods  are  made  nearly  square 
in  shape,  being  a  little  longer  in  one  direction  than  another. 
The  lowest  rods  are  sliglitly  under  i  inch  square,  and  the 
size  is  increased  upwards,  until  at  the  top  they  are  nearly 
3^  inches  square.  The  rods  are  coupled  by  having  square 
projecting  heads,  over  which  are  placed  claw-ended  coupling 
plates.  In  the  lower  part  of  the  shaft  the  motion  of 
the  rods  is  protected  by  guides.  The  platforms  are  made  of 
sheet  iron  about  the  seventh  of  an  inch  thick.  They  will 
hold  two  men,  and  they  are  placed  eight  yards  apart  The 
total  weight  of  the  machine — both  rods,  platforms,  and  all 
appliances  complete — is  77  tons  ;  with  260  men  on  it  the 
weight  is  about  18  tons  more.  The  machine  is  worked  by  a 
steam  engine  \\'ith  a  22-inch  cylinder  and  a  3-foot  8-inch-stroke. 

In  some  mines  the  ascent  and  descent  of  the  miners  are  now 
made  by  cages,  working  between  guides,  as  in  well-appointed 
collieries.  Objections  were  long  entertained  against  the 
adoption  of  this  method  on  the  ground  of  the  supposed 
difficulty  of  landing  the  men  at  the  various  levels  in  the  mine 
where  their  work  lay,  but  as  this  difficulty  has  been  overcome 
in  collieries,  it  no  longer  exists. 

The  same  may  be  said  with  reference  to  another  objection, 
that  of  the  long  time  that  would  be  required  for  taking  from 
200  to  300  men  down  a  mine  a  few  at  a  time.  Those  who 
have  seen  the  same  number  of  men  go  down  a  coal  mine 
between  five  and  six  o'clock  of  a  morning  well  know  how  rapidly 
two  cages,  each  performing  its  journey  in  two  minutes,  and 
each  cage  holding  six  men,  will  take  300  men  into  the  mine. 

The  time  has  now  come,  I  think,  when  the  adoption  of 
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man-engines,  cages,  or  any  other  means  whereby  ladder 
climbing  can  be  avoided,  should  be  made  obligatory  at  all 
mines  over  50  fathoms  deep. 

It  need  hardly  be  said  that  the  timber  and  timbering  used 
in  shafte  should  be  of  the  best  quality  and  worlcDianshipi  The 
platfonns,  as  long  as  they  are  used,  should  be  fiim  and  good, 
and  the  pump  trees  adequately  secured  according  to  their  size 
and  weight  The  whole  of  the  pit  arrangements  should  be 
frequently  examined. 

The  price  paid  for  sinking  shaAs  varies  greatly  according 
to  the  nature  of  the  ground  and  the  inflow  of  water.  In 
ordinary  ground  a  shai^  14  feet  by  10  feet  should  be  sunk  and 
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secured  forrs/.  per  yard— carpentry,  gearing,  and  pumps  being, 
of  course,  extra. 

Levels.— -^(AV  levels. — The  adit  level,  as  I  have  already 
pointed  out,  is  driven  at  as  low  a  point  on  the  ground  as 
possible.  It  is  intended  to  serve  the  double  purpose  of 
draining  the  loose  surface  ground  above  it,  and  for  working 
the  upper  portion  of  the  mine.  Seven  feet  high  and  6  feet  wide 
is  a  convenient  size,  and  the  price  paid  for  driving  it  will  range 
from  4/.  loj.  per  fathom,  in  shale  and  slaty  rock,  to  18/.  or  20I. 
in  compact  felspathic  rock  or  rolled  greenstone.  There  should 
be  just  fall  enough  outwards  for  the  water  to  run  off,  and  the 
level  should  have  spaces  at  intervals  for  the  passing  of  the 
tram  waggons. 

As  in  the  case  of  a  shaft,  the  chief  difGculty  in  driving  a 
level  is  in  the  loose  ground  at  its  entrance.    This  should  be  cut 
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down  as  ^  as  practicable,  and  the  level  approached  by  a  good 
open  cutting  with  sloping  sides.  If  further  difficulty  is  found, 
the  roof  may  be  secured  by  piles  driven  in,  as  shown  in  fig.  I3i, 
which  should  be  placed  high  enough  for  the  permanent  road- 
way to  be  fonned  underneath  them.  When  made,  the  entrance 
■hould  be  well  secured,  which  may  be  done  wjlh  poles,  as 
shown  in  fig.  122,  or  by  masonry,  as  in  fig.  123. 

Orditiary  working  levels. — One  of  the  first  things  to  be 
determined  concerning  ordinary  levels  is  the  distance  at  which 
they  should  be  driven  from  each  other.     Usually  in  mines  in 


this  country  that  distance  has  hitherto  been  10  fethoms. 
Latterly,  in  some  important  mines,  the  Van  for  instance,  fig.  83, 
the  distance  has  been  increased  to  15  fathoms.  The  Anaeri- 
cans  in  their  larger  mines  have  adopted  20  fathoms  as  the 
distance. 

If  the  ore  lies  in  fiat  strings  or  floors,  the  lesser  distance  is 
more  likely  not  to  miss  any  of  them.  If  the  courses  run  down 
Steeply,  as  at  Snailbeach,  fig.  81,  there  is  not  the  same  necessity 
for  driving  the  levels  so  close  together. 

The  distance  apart  to  be  adopted  must  therefore  depend 
upon  the  chaiactcr  of  the  mine  ;  but,  wherever  practicable,  the 
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greater  distance  should  be  adopted.  It  must  be  remembered 
that  the  ore  in  each  square  of  the  lode,  bounded  on  either  side 
by  shafts  or  winzes,  and  above  and  below  by  levels,  has  to  bear 
the  cost  of  driving  one  level  and  one  winze,  consequently  tht 
smaller  the  square  the  greater  the  proportion  of  cost  per  ton 
chargeable  on  the  ore  for  forming  these. 

To  take  an  example.  A  square,  10  fathoms  by  10  fathoms, 
of  a  lode,  yielding  an  average  of  2  tons  of  ore  to  the  fathom, 
contains  within  it  200  tons  of  ore.  Taking  the  cost  of  driving 
the  level  with  all  expenses  at  7/.  10s,  per  fathom,  and  the  cost 
of  the  winze  at  the  same  price,  the  total  cost  is  150/.,  which 
makes  a  charge  of  15J.  per  ton  on  the  ore  contained  within  the 
square.  If  the  area  is  enlarged  to  15  fathoms  square,  the  cost 
per  ton  will  be  1 1^.  3^. ;  if  to  20  fathoms,  the  cost  will  be  re- 
duced to  7^.  6d, ;  and  as  cross-cuts  have  to  be  made,  these 
figures  do  not  represent  the  whole  of  the  saving  effected.  Thus 
it  is  clear  that  the  farther  apart  the  levels  can  be  kept,  com- 
patibly with  the  effectual  working  of  the  mine,  the  cheaper  will 
be  the  cost  of  the  extraction  of  the  ore. 

The  ordinary  cross-cuts  from  a  shaft  to  the  lode,  and  the 
levels  along  a  lode,  need  not  be  of  such  large  dimensions  as 
those  given  for  the  adit,  but  little  is  gained  by  contracting  the 
size  of  these. 

In  the  cross-cuts  the  strata  will  usually  be  solid  enough  to 
form  the  roof  3  but  the  driving  of  the  ordinary  levels  along  a 
lode  is  only  the  preliminary  operation  to  the  cutting  of  the  lode 
above  the  level  down.  When  this  is  done,  the  top  of  the  level 
will  have  to  be  made  strong  enough  to  bear  the  *  deads,'  or 
rubbish  thrown  down  from  the  working  of  the  lode  above,  or, 
if  all  the  lode  is  taken  down,  to  secure  the  roadway  from  stones 
falling  from  the  working  face.  This  has  to  be  done  by  timbering, 
in  the  following  ways,  or  variations  of  the  same,  as  special  cir- 
cumstances may  indicate  :  if  the  workings  are  narrow,  as  in  fig. 
124 ;  or,  if  they  are  too  wide  for  a  single  stretcher,  the  full 
length,  as  in  fig.  125. 

The  timbers  should  be  from  7  to  9  inches  in  diameter,  and 
placed  a  yard  apart,  with  a  good  covering  of  thinner  poles. 
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Sometinies  the  roof  timber  is  taken  right  across  a  lode  to  a 
great  width,  being  supported  on  the  heading  side  of  the  IctcI 
bjr  strong  uprights.  In  the  Botallack  Mine,  where  the  lode  is 
31  feet  wide,  massive  timbers  of  from  i6  to  30  inches  square 
form  the  roof,  and  these  are  often  placed  double,  the  heading 
side  of  the  level  being  filled,  as  in  fig.  125,  with  rubbish. 

tVinzes.— These  are  small  shafts  sunk  at  mlervals  from  one 
level  to  another,  partly  for  ventilation,  hence  the  derivation  of 
the  name  '  winds,'  and  partly  for  greater  facility  in  working 


the  slopes.  These  may  be  placed  the  same  distance  apart 
as  the  levels,  or  a  greater  or  less  distance,  as  the  mine  may 
require. 

The  preliminary  sinkings  on  a  lode  in  order  to  prove  it,  re- 
ferred to  in  the  last  chapter,  should  be  arranged  so  as  to  form 
winzes  as  far  as  they  go. 

S/a/vs. — The  working  faces  on  a  lode  are  called  'stopes'  or 
steps.  They  are  of  two  kinds,  underhand  and  overhand. 
Underhand  stopes  may  be  compared  to  a  man  working  on  a 
flight  of  stone  steps,  and  cutting  away  step  by  step,  and  over- 
liand  slopes  to  the  way  in  which  a  man  may  stand,  say  on  the 
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cellar  steps,  and  cut  down  the  flight  of  steps  over  his  head. 
Up  to  the  last  century,  underhand  stoping  alone  was  practised 
in  this  country,  when  the  overhand  system  was  introduced  from 
Germany,  where  it  had  been  in  use  for  some  time  Fig.  I36 
will  afford  an  idea  of  overhand  stoping 

When  the  ore  has  been  extracted  out  of  a  large  space  of  a 
lode,  the  walls  or  sides  of  the  latter  have  to  be  supported.  If 
enough  of  rubbish  is  not  lefl  from  the  working  of  the  lode  to 
do  this,  It  must  be  accomplished  by  timbering,  and  this  has 
oflen  to  be  of  a  vl:^  substantial  and  elaborate  nature,  like  a 
huge  lattice  or  panel  work  If  the  lode  be  very  wide,  like  that 
of  the  Van,  or  the  Great  Comstock,  or  the  vast  ore  chambers 
of  Ruby  Hill,  scarcely  any  amount  of  timbenng  will  bear  the 


Strain  and  pressure  caused  by  the  caving  in  of  the  surrounding 
rocks.  The  plan  is  therefore  adopted  of  taking  rubbish  from 
(he  surface,  where  it  may  be  easily  and  cheaply  excavated,  into 
the  mine,  and  filling  up  with  it  the  spaces  &om  which  the  ore 
has  been  extracted. 

In  ironstone  mining,  in  the  seams  lying  in  the  Coal-measures, 
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about  three  tons  of  mateml  have  to  be  removed  for  one  ton  of 
ironstone.  The  workings  are  usually  gently  sloping  and  the  rub- 
bish is  thrown  back  to  fonn  a  goaf,  or  gob,  as  shown  in  Gg.  137, 
irtiich  represents  long  wall  workings  in  the  clayband  ironstone 
of  Warwickshire. 


%/«r[y]a«.. 


Fig;  128  reptcseiils  a  common  nictliocl  of  working  the 
Cleveland  ironstone  bed  by  the  pillar  and  stall  system. 
After  roads  have  been  formed  and  ventilatioji  secured,  a  solid 
square  of  the  bed  is  attached,  as  shown  at  4.  The  process 
goes  on  until  ventilation  is  obtained  in  the  stall  by  opening 
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through  and  taking  away  part  of  the  pillars,  as  in  5  ;  until  al! 
excepting  the  side  supports  are  left,  as  in  6  As  a  part  of  the 
mine  becomes  exhausted  the  pillars  are  removed  and  the 
ground  allowed  to  fall  m  behind  the  miners.    But  a  good  deal 
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of  timber  is  necessarily  used  in  the  temporary  support  o(  the 
roof  as  the  workings  proceed. 


i 


CHAPTER   XXXIV. 


Timber— Ventilation— Temperai me— Fans— Old  Methods  of  Breakine 
Rocks  down— Drilling— Single  Hand— Double  Hand — Underhand- 
Rock  Drilling  M.Tchines— History- Classes  of  Drills— Principles  of 
Omslruclion- Detailed  Conslniction  —  Air  Compteffiors— Reeavers, 
Upes — Hand  Boring  Machines— I ngersoU's — Diunond. 

Timber. — It  will  be  inferred  ttiaC  a  targe  quantity  of  timber 
must  be  used  at  a  metallirerous  mine  ;  and  for  the  most  part 
this  has  to  be  of  larger  dimensions  than  the  timber  used  at 
collieries. 

In  newly  settled  countries,  like  the  Western  States  of 
North  America,  the  existence  of  'lumber,'  as  the  wood  of 
the  country  is  called  in  the  neighbourhood  of  a  mining  camp, 
is  of  great  importance.  In  such  countries,  too,  the  miner  is 
glad  to  take  any  kind  of  timber  that  comes  to  his  hand.  In 
older  settled  countries,  as  in  the  mining  districts  of  Gennany 
and  of  this  country,    a   little  power  of  selection   may  be 


Welsh  miners  like  oak,  and,  for  its  strength,  its  durability, 
ftnd  its  power  of  resisting  decay  in  moist,  confined  places,  it 
cannot  be  excelled,  if  it  can  be  got  of  sufficient  length  and 
Strength.  Next  comes  larch,  which,  from  its  straightness  and 
durability,  is  a  very  useful  wood.  Then  follows  pine,  fir,  and 
deal.  Beech  and  birch,  too,  where  there  is  plenty  of  ventila- 
tion ;  but  they  soon  decay  in  a  damp,  confined  atmosphere. 
Ash  is  tough,  but  too  flexible  for  timbering  the  interior  of 
mines.    Alder,  ebon,  mapie,  poplar,  and  willow  are  all  more  or 
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less  unsuitable.  Of  course  timber  is  best  if  it  has  been  felled 
at  the  proper  season  of  the  year,  and  if  it  is  used  dry.  Various 
chemical  preparations  have  been  used  for  coating  and  saturat- 
ing it  with  a  view  to  its  preservation  ;  but  these  all  seem  now 
to  be  merging  into  the  plan  of  creosoting,  which  answers 
very  well. 

Ventilation. — Metalliferous  mines  are  not  troubled  with  such 
explosive  and  actively  dangerous  gases  as  coal  mines  are; 
happily,  therefore,  they  are  free  from  those  sudden  outbursts 
of  inflammable  gas  which  unfortunately  are  so  frequently  fatally 
destructive  to  a  dreadful  extent  at  collieries. 

Still,  there  are  the  facts  that  the  air  in  a  mine  is  nearly 
stationary ;  that  by  being  breathed  by  a  number  of  men  it  loses 
its  vital  properties  ;  that  it  is  poisoned  to  some  extent  by  noi- 
some exhalations  ;  that  it  becomes  charged  with  the  fumes  of 
explosives  ;  and  that  there  are  occasionally  outbursts  of  hydro- 
gen gas  where  saline  water  falls  on  blende  ore.  Added  to  these 
considerations,  there  is  also  the  natural  increase  in  the  tempera- 
ture of  the  earth  downwards,  towards  its  centre. 

Concerning  this  last  remark,  I  may  here  notice  incidentally, 
that,  from  observations  made  by  Mr.  Henwood  in  Cornwall, 
Professor  J.  Phillips  in  the  North  of  England,  Mr.  Bryham  in 
Lancashire,  and  Professor  Reich  in  Saxony,  as  well  as  from  the 
results  obtained  by  other  observers,  the  temperature  of  the 
earth  increases  downwards  at  a  rate  varying  from  i  degree  Fahr. 
for  every  45  feet  in  depth  to  i  degree  Fahr.  for  every  76  feet 
in  depth.  It  may  be  taken  as  the  average  result  that  the  rate 
of  the  increase  of  heat  is  i  degree  Fahr.  for  every  65  feet  in 
depth. 

Ventilation  is  needed  very  early  in  the  progress  of  a  mine, 
before  the  first  level  is  taken  in  very  far,  or  the  first  shaft  sunk 
very  deep.  In  figs.  122  and  123  an  airway  is  shown  running 
under  the  roadway  of  the  level,  which  is  a  good  arrangement. 

Many  mechanical  contrivances  have  been  used  in  dififerent 
countries  and  at  different  times  for  carrying  fresh  air  into  mines, 
but  they  seem  likely  now  to  be  superseded  by  the  simple  circu- 
lar fan,  of  which  many  varieties  are  made  by  mechanical 
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engineers.  I  have  found  a  fan  2  feet  6  inches  in  diameter, 
driven  by  a  donkey  engine,  or  by  a  six  or  eight  feet  water  wheel, 
suffice  for  the  preliminary  stages  of  a  mine.  The  air  may  be 
sent  into  confined  places  within  a  mine  by  means  of  a  small 
fan  placed  where  the  air  is  pure,  and  turned  at  intervals  by  a 
boy. 

Ordinarily,  in  shallow  mines,  when  two  shafts  have  been 
sunk,  or  when  tlie  air  entering  a  mine  and  coursing  through  its 
workings  can  pass  out  through  an  upper  opening,  the  ventilation 
will  be  sufficient  If,  however,  many  men  are  employed,  if 
blasting  be  frequent,  or  if  the  mine  be  deep,  the  ventilation  must 
be  aided  by  mechanical  means.  Nothing  can  be  better  for  this 
purpose  than  fans,  which  are  now  made  of  all  sizes  up  to  40  or 
50  feet  in  diameter,  and  which  may  be  used  to  exhaust  the  foul 
air  in  a  mine,  so  that  its  place  may  be  occupied  by  fresh  air 
rushing  down  the  shafts,  or  by  sending  into  the  mine  a  volume 
of  fresh  air,  which  shall  expel  the  foul,  and  keep  the  mine  sweet 
and  clear. 

Where  rock  boring  macliines  like  those  to  be  next  described 
are  used  and  worked  by  air,  the  proper  ventilation  of  the  mine 
will  be  accomplished  without  the  use  of  any  other  means. 

Boring  or  Drilling, — Rock  Drilling  Machines. — Of  course, 
in  the  vast  majority  of  instances,  the  lode  and  the  enclosing 
strata  are  too  hard  and  compact  to  be  broken  down  by  pick,  or 
by  the  hammer  and  gad,  or  wedge.  In  the  early  days  of 
mining,  the  rock  was  heated  by  lighting  huge  fires  close  up  to 
it,  and  then,  by  throwing  cold  water  over  the  heated  surface, 
or  by  natural  quick  contraction,  the  rock  was  broken  down. 
Quaint  illustrations  of  this  process  are  given  in  Agricola's  old 
book  on  mining.  This  practice  lingered  until  very  lately,  if  it 
does  not  continue  still,  in  some  of  the  mines  of  the  Hartz,  in 
Germany. 

The  invention  of  gunpowder  afforded  a  more  effectual 
method  of  breaking  down  solid  rock  ;  but  for  the  insertion  of 
the  explosive  holes  had,  of  course,  to  be  made.  The  making 
of  these  holes  was  and  is  known  as  boring  or  drilling.  This 
operation  had  to  be  performed  by  manual  labour,  with  iron  bars 
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tipped  with  steel,  and  more  recently  by  steel  borers,  or  drills 
themselves.  These  are  of  various  lengths,  and  are  about  one  inch 
diameter.     Hand  drilling  is  called  '  single-handed '  wlien  one 
man  holds  a  drill  with  one  hand  and  strikes  it  with  a  hammer  A 
weighing  about  4  lbs.  with  the  other.     It  is  *  double-handed '  4r^^ 
when  one  man  holds  and  turns  the  drill,  while  another  man  \^^ 
strikes  it  with  a  heavy  hammer  weighing  about  lo  or  12  lbs.   tt|0* 
if  the  work  lie  under  the  miner's  feet  he  may  drill  a  hole  by  lifting 
up  a  heavy  drill  and  letting  it  fall.     The  usual  rate  of  drilling 
by  these  means  is  one  foot  per  hour.     It  is  a  slow,  laborious 
process,  and  we  do  not  wonder  that  attention  was  very  early 
directed  to  the  finding  out  of  some  means  whereby,  with  the 
aid  of  mechanical  means,  manual  labour  might  do  more  work, 
or  by  the  application  of  other  motive  power,  a  better  result 
might  be  attained,  as  a  greater  number  of  heavier  blows  were 
more  quickly  struck. 

Rock  Drilling  Machines} — It  is  said  that  attempts  in  this 
direction  were  made  in  Cornwall  during  the  last  150  years.  In 
1 81 2  Richard  Trevethick,  whose  inventions  have  been  the  pre- 
cursors of  many  useful  appliances,  invented  a  rotary  machine 
for  boring,  which,  with  a  weight  of  500  lbs.  placed  over  the 
drill,  bored  i^-inch  holes  in  Plymouth  limestone,  at  the  rate  of 
one  inch  per  minute.  In  1838  two  Americans,  J.  M.  and  J.  N. 
Singer,  used  a  large  drop-drill  on  a  portion  of  the  Illinois  Canal, 
about  30  miles  below  Chicago.  The  invention  was  patented 
in  1839,  and  about  a  dozen  machines  were  put  in  use.  In  1844 
Mr.  Brunton,  known  in  this  country  in  connection  with  furnaces, 
invented  a  wind-hammer  for  boring  holes  and  ventilating  the 
working  face  of  mines.  In  1853  William  Pidding  invented  a 
hammer,  fitted  on  a  frame,  to  be  worked  backwards  and  forwards 

*  See  Darlington  on  *  Rock  Boring/  Mining  ybumal,  August  4,  1877, 
itseq.;  Darlington,  'Lecture  on  Rock-Boring  Machinery,'  ibitL  December  14, 
1878 ;  Raymond,  Statistics  of  Mining  West  of  the  Rocky  Mountains^  Wash- 
ington, 1870  ;  Leslie,  Observations  on  Machine  Rock-Boring,  £.  &  F.  N. 
Spon ;  Schram,  The  Application  of  Machine  Power  to  Rock  Drilling,  G.  H, 
Hill,  Westminster  Road,  1878;  also  the  catalogues  and  circulars  of  the 
various  makers  as  advertised  in  the  Mining  and  Engineering  papers, 
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by  steam  power,  for  the  purpose  of  making  holes  in  the  end  of 
a  level  About  the  same  time  Schumann  invented  a  machine^ 
which  largely  anticipates  the  present  rock  drilling  machines,  for 
working  the  Freiberg  mines,  and  a  neat  model  of  this  machine 
is  preserved  in  the  museum  of  the  School  of  Mines  at  Freiberg, 

In  January  1855,  Mr.  Fontainmorcau  applied  for  a  patent 
in  England  for  an  improved  machine  for  boring  rocks,  by  the 
use  of  compressed  air  in  the  cylinder  for  giving  the  blow  to 
the  drill  The  invention  comprised  arrangements  of  valves  for 
getting  the  air  into  the  compressor,  and  an  arrangement  also 
for  giving  a  rotary  and  forward  motion  to  the  drill.  In  August 
1855,  Mr.  Bartlett  patented  a  similar  invention,  and  his  machine 
was  tried  in  the  driving  of  the  Mont  Cenis  tunnel  In  1861 
M.  Sommeiller,  having  made  substantial  improvements,  started 
his  machines  successfully  in  the  driving  of  the  same  tunnel. 
Sommeiller's  machines  may  have  the  credit  of  being  the  first 
that  were  successfully  and  continuously  used  underground,  and 
driven  by  compressed  air.  From  that  time  until  now  many 
improvements  and  alterations  have  been  made,  of  which  I  select 
the  following  : 

In  1862  Edward  Crease,  who  had  been  experimenting  some 
time  previously,  patented  a  boring  machine,  which  was  after- 
wards used  at  the  Clogau  Gold  Mine,  North  Wales.  Its  rate 
of  boring  was  i^  inch  a  minute.  In  1866  Jordan  and  Darling- 
ton devised  plans  for  turning  the  boring  tool,  and  for  giving  a 
forward  movement  to  it.  In  1870  Osterkamp  made  a  machine 
portable  enough  to  be  held  by  a  man  when  it  was  doing  its 
work ;  but  the  recoil  was  found  to  be  too  great,  and  a  carriage 
or  frame  had  to  be  adopted.  The  inventions  now  became  very 
numerous,  including  the  Beaumont,  the  Burleigh,  McKean,  and 
others ;  but  it  will  be  readily  understood  how  the  latest  im- 
provements are  new  applications  of  the  principles  embodied  in 
the  first  attempts. 

Rock  drilling  machines  may  be  grouped  into  two  great 
classes.  First,  those  that  bore  by  constant  pressure  and  rota- 
tion ;  and,  secondly,  those  that  bore  by  percussion,  combined 
with  a  rotary  movement 
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The  typical  example  of  the  first  group  is  the  Diamond  Rock 
Boring  Machine,  constructed  from  the  patents  of  Messrs.  Beau- 
mont and  Appleby.  The  principle  of  this  machine  is  a  rapidly 
rotating  hollow  shaft,  on  the  bottom  or  boring  end  of  which  are 
fixed  a  number  of  diamonds.  The  machine  is  usually  worked 
by  steam,  and  its  speciality  is  that  it  brings  up,  every  time  the 
rods  are  changed,  solid  cores  of  the  strata  passed  through. 

The  machine  is,  therefore,  specially  adapted  for  prospecting, 
for  which  purpose  it  has  been  largely  used,  as  well  as  for  working 
in  larger  tunnels.  I  believe  the  inventors  have  more  recently 
adapted  it  for  working  in  the  more  restricted  spaces  of  mines. 

The  second  group  may  be  subdivided  into  the  following 
lesser  groups  : 

1.  The  Direct  Acting  system,  including  Cederblom's,  Dar- 
lington's, Osterkamp's,  Schram's,  and  Reynolds'  machines. 

2.  The  Duplex  system,  comprising  tfie  machines  of  Som- 
meiller  and  Ferroux. 

3.  The  Lever  system,  in  which  are  included  the  Barrow, 
Brydon,  Burleigh,  Cranston,  Davidson's,  Dunn's,  Eclipse,  In- 
gersoU,  McKean,  Schumann,  and  Warrington  drills,  with  some 
others. 

4.  The  Ram  system,  comprising  the  machines  made  by 
Schwarzkopf  and  by  Warsop. 

The  principle  upon  which  the  whole  of  these  percussive 
drills  act  is  that  of  the  steam  cylinder  and  piston  of  an  ordinary 
steam  engine.  The  piston  is  moved  rapidly  backwards  and 
forwards  by  compressed  air  (usually)  or  steam,  as  the  case  may 
be,  and  in  doing  this  strikes  the  blow  upon  the  rock  by  means 
of  a  chisel  or  drill,  which  is  attached  to  the  piston-rod.  Care 
is  taken,  in  regulating  the  supply  of  the  air  or  steam  into  the 
cylinder,  that  a  portion  of  the  inflow  shall  form  a  cushion  that 
prevents  the  piston  striking  against  the  cylinder. 

The  variations  in  the  different  patents  and  inventions  consist 
of  special  arrangements  by  which  the  chief  end  is  accomplished « 
as  well  as  for  turning  the  drill  around  as  it  works,  and  in 
lengthening  the  machine,  or  so  altering  its  position,  as  to  adapt 
the  blows  to  the  ever-increasing  depth  of  the  hole. 
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This  being  the  prin- 
ciple on  which  the  whole 
of  the  dnlb  act,  and 
these  the  objects  of  the 
vanous  arrangements  of 
detail,  I  may,  without 
expressing  a  preference 
for  an}  one  of  the  best 
known  dnlls,  illustrate 
the  mechanism  of  them 
by  means  of  Mr  R. 
bchram's  detailed  figure 
(fig.  izg)  of  his  rock. 
drilling  machine,  and  by 
Mr.  Schram's  explana- 
tion of  the  same. 

'  Schram's  machine 
consists  of  the  following 
moving  parts ;  »'.  the 
main  piston ;  it.  the 
slide  piston  and  slide; 
Hi.,  the  rotating  move- 
ment with  its  piston. 
The  accompanying  fig. 
139  shows  a  longitudinal 
section  of  die  machine. 

'  When  the  piston  d 
is  in  the  position  shown 
in  fig.  129,  air,'  on  the 
cock  being  opened, 
enters  the  cylinder  c 
through  the  port  li,  and 
pressing  on  the  lower  end 
of  the  piston  d,  forces  it 
backwards,  causing  the 
backward  stroke.  As 
soon  as  the  piston  (/has 
I'be  uiachine  can  be  wotVeft  ei:WrV(  ccpm^Te^-,<a\  wi  at  by  steam. 
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passed  the  port  ^,  the  air  rushes  through  that  port  into  the 
small  cylmder  g  (in  the  slide  box).  At  this  moment,  when 
the  air  presses  upon  the  upper  end  of  the  slide  piston  /,  the 
cylinder  ^,  in  the  opposite  end  of  the  slide  box,  is  in  communi- 
cation with  the  outlet  s  through  the  port  /,  and  the  circular 
hollow  in  the  piston  rod  r;  consequently  the  slide  piston  with 
the  slide  is  moved  downwards,  so  that  the  passage  A  is  opened 
for  the  admission  of  air  from  the  slide  box,  whilst  the  lower 
end  of  the  cylinder  through  the  port  d  now  commimicates  with 
the  oudet  s.  The  air  now  entering  the  cylinder  c^  through  the 
opened  port  A,  presses  on  the  upper  end  of  the  piston,  forcing 
it  forward,  and  thus  causing  die  drill,  carried  in  a  socket  at  the 
extremity  of  the  piston  rod,  to  strike  with  the  impetus  of  its 
own  weight  and  all  the  power  of  the  compressed  air  against  the 
rock.  As  soon  as  the  piston  //  has  passed  the  port  t\  air  enters 
through  it  into  the  cylinder  k.  At  this  moment  the  cylinder^ 
communicates  with  the  outlet  s  through  the  port  e  and  the 
circular  hollow  r  in  the  piston  rod,  and  the  slide  piston  with 
the  slide  is  moved  back  into  the  same  position.  Meanwhile 
the  piston  //has  completed  its  stroke ;  the  cylinder  ^  is,  through 
the  passage  ^,  in  communication  with  the  outlet  s ;  and  com- 
pressed air  again  rushing  through  the  re-opened  passage  ^, 
causes  the  action  just  described  to  be  repeated  so  long  as  the 
supply  of  motive  power  is  kept  up. 

'It  is  an  important  feature  in  this  machine  that  the  slide 
rod  /is  made  in  the  form  of  a  double  spindle  valve;  by  this 
method  of  construction  it  remains  in  position,  without  any  recoil, 
until  the  piston  d  has  made  the  greater  part  of  its  stroke. 

'  As  in  some  varieties  of  rock  it  happens  that  the  drill  often 
sticks  fast,  there  is  a  reversing  rod  /  to  suddenly  reverse  the 
slide,  and  thus  pull  the  drill  out  of  the  hole. 

*With  careless  workmen  it  would  frequentiy  happen  that 
the  piston  would  strike  against  the  lower  cylinder  cover,  there- 
fore there  is  an  air  cushion  at  the  lower  end  of  the  cylinder. 
In  addition  to  this  there  are  an  iron  ring  and  an  india-rubber 
washer  (exchanged  for  one  of  wrought  iron  when  steam  is  used), 
with  the  object  of  moderating  the  violence  of  the  shock  such 
blows,  inadvertently  permitted,  would  caxxu^ 
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*In  order  that  the  hole  drilled  be  perfectly  round,  it  Is 
necessary  that  the  cutting  tool  should  partially  rotate  at  each 
backward  stroke,  so  that  its  cutting  edge  shall  every  time  strike 
the  rock  in  a  fresh  place ;  but  in  order  not  to  lose  any  power, 
it  must  always  make  its  forward  stroke  without  rotating.  For 
this  purpose  a  twisted  bar  o  is  employed,  connected  with  a 
grooved  disc  /,  and  a  brake  ^  acted  upon  by  a  small  piston  /. 
Communicating  from  the  slide  box  with  the  cylinder  «  is  a 
small  port  m,  by  means  of  which  the  compressed  air  exerts  a 
constant  pressure  upon  the  upper  end  of  the  piston  /.  When 
the  main  piston  //  makes  its  backward  stroke,  the  cylinder  c^  is 
in  communication  with  the  outlet,  and  consequently  there  is 
no  pressure  on  the  lower  end  of  the  piston  /.  The  constant 
pressure  on  the  upper  end  of  this  piston,  therefore,  now  presses 
it  upon  the  brake  ^,  which  presses  upon  the  disc  /,  preventing 
it  from  turning,  and  thus  the  main  piston  //is  forced  to  partially 
rotate  round  the  twisted  bar  o  secured  to  the  disc  But  when 
the  main  piston  makes  its  forward  stroke,  and  steam  or  com- 
pressed air  fills  the  cylinder  ^*,  the  motive  fluid  enters  through 
the  small  ports  u  w,  and  presses  on  the  lower  end  of  the  piston 
/,  thus  counterbalancing  the  constant  pressure  on  the  upper 
end.  There  being  now  no  pressure  on  the  brake  ^,  the  disc  / 
is  free  to  rotate,  and  the  piston  //  makes  its  forward  stroke 
without  rotating,  partially  turning  the  disc  as  it  proceeds  by 
means  of  the  twisted  bar  o.* 

The  machines  used  underground  are  worked  by  means  of  aii, 
which  on  the  surface  is  compressed  to  several  times  less  its  own 
bulk,  and  equal  to  a  pressure  of  from  60  to  90  lbs.  to  the  inch. 
The  air  is  stored  in  a  receiver,  from  which  it  is  conveyed  under- 
ground to  the  drill  by  means  of  wrought  or  cast  iron  pipes,  of 
sizes  suitable  to  the  number  of  drills  worked,  pipes  i^  inch 
diameter  being  equal  to  the  supply  of  one  drill,  with  which 
it  may  be  connected  by  a  strong  flexible  hose,  as  shown  in  fig. 
130,  which  represents  an  IngersoU  drill  at  work  in  a  mme. 
The  compressors  are  as  various  as  are  the  drills,  but  the  object 
to  be  attained  is  the  same,  whatever  shape  is  adopted  or 
anangement  of  valves  is  used.     About  one  third  of  the  power 
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derived  from  the  compression  is  lost  in  the  transit,  and  this  lost 
must  always  be  taken  into  account  in  providing  the  amount  of 
air  required. 

The  power  by  which  the  air  is  compresseil  on  the  surface 
is  generally  steam.  Ordinarily  50  lbs,  pressure  of  steam  will 
obtain  90  lbs.  pressure  of  dr  in  the  receiver,  and  it  is  estimated 
that  a  boiler  of  lo-horse  power  is  equal  to  driving  four  or  five 
drills.  The  amount  of  heat  generated  in  the  effort  to  compress  air 
is  very  great,  and  the  compressor  has  to  be  kept  cool  by  water 
chambers,  with  which  it  is  provided. 
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The  same  results  may  be  obtained  by  the  use  of  water 
wheels,  or  turbines,  of  sufficient  capacity  and  strength. 

The  appliances  on  which  the  drill  is  fixed  are  very  varied, 
from  a  movable  frame  on  wheels  to  a  simple  stretcher  screwed 
horizontally  or  vertically  across  a  level,  as  shown  in  fig.  130. 

Drilling  by  machinery  is  as  yet  in  its  infancy,  and  it  is 
perhaps  too  soon  to  judge  of  its  cost  in  comparison  with  hand 
labour.  Miners  will  have  to  grow  up  accustomed  to  the  hand- 
ling and  working  of  the  machines.  So  far  as  appears  from  a 
comparison  of  costs  which  1  have  made,  I  think  we  may  at 
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prese.it  depend  upon  getting  the  work  done  at  three-fourtht  of 
the  cost  of  hand  drilling ;  while,  as  the  rate  of  progress  is 
eight  times  as  fast,  a  great  saving  will  be  effected  in  costs  of 
manageinent  and  other  fixed  expenses.  We  have  not,  however, 
as  yet  attained  the  minimum  of  cost  in  machine  drilling 
operations. 

The  specialities  of  the  different  drills  I  have  named  will  be 
best  learned  from  the  descriptive  and  illustrated  circulars 
issued  by  their  makers.  They  are  all  doing  good  in  various 
parts  of  the  world  in  mining  and  engineering  operations,  and  it 
is  only  by  a  comparison  of  their  respective  merits  that  the 
reader  can  judge  of  their  adaptation  to  any  particular  kind  of 
work. 

In  the  North  Wales  and  Shropshire  mining  districts,  where 
I  write,  an  adaptation  of  Beaumont's  drill  is  doing  good  work 
at  the  Halkyn  Deep  Level.  Darlington's  simple  and  effective 
machine  and  compressor  is  working  well  at  the  Minera  Lead 
Mine.  At  the  New  Crickheath  Lead  Mine  an  IngersoU  drill 
is  carrying  a  level  forward  at  the  rale  of  la  yards  a  week  ;  and 
at  the  Roman  Gravels  Lead  Mine  an  Eclipse  drill  is  working 
satisfactorily  in  one  of  the  deep  levels. 

The  cost  of  steam  engine,  compressor,  receiver,  pipes,  and 
drill  amounts  to  a  large  sum,  which,  while  its  expenditure  is 
not  felt  in  an  established  and  successful  mine,  or  in  a  mine 
starting  with  a  good  capital,  is  a  good  deal  to  expend  in  the 
ordinary  class  of  mining  operations.  Attempts  have  therefore 
been  made  to  construct  a  machine  that  shall  utilise  and  in- 
tensify the  strength  and  labour  of  two  or  three  men,  by  the  aid 
of  mechanical  appliances. 

One  of  these  is  the  hand-power  rock  drill  called  the 
IngersoU  Duplex,"  of  which  fig.  131  is  an  illustration.  Tlie 
standard  drill  weighs  about  3  cwt.,  and  requires  the  labour  of 
two  men.  It  will  bore  holes  of  from  r  to  li  diameter, 
at  the  rate  of  1  in.  to  2  in.  per  minute  in  granite ;  and  as  it  is 
extremely  portable  and  of  great  simplicity  of  constracdon,  it 
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has  already  come  into  exiensive  use  for  quarrying  purposes,  for 
which  it  seems  particularly  adapted. 

The  blows  are  of  350  lbs.  each,  and  the  rate  is  from  130 
to  170  per  minute,  while  the  makers  claim  a  saving  of 
300  per  cent,  over  ordinary  handwork,  and  state  that  a  No.  3 
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machine  with  two  uien  drilled  40  feet  of  2-inch  holes  in  the 
saiiit;  time  that  three  gangs  of  three  men  each  put  down  30 
feet. 

The  well-known  Diamond  Rock  Drill,  which  has  been 
employed  so  successfully  for  putting  down  deep  boie-holes  in 
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s^Tch  of  water,  oil,  or  for  proving  mineral  properties,  has  now 
been  simplified  and  modified  so  as  to  be  worked  by  band- 
power  for  prospecting  purposes. 

Fig.  133  represents  this  drill,  with  which  small  cores  can 
be  obtained  by  hand-power  from  depths  up  to  300  feet 


No  hand-power  drill  has  jet  been  invented  for  working 
efficiently  in  the  slopes  of  a  mine,  and  there  is  an  opening  for 
such  a  machine,  if  indeed  the  narrow  space  in  which  it  would 
often  have  to  work  does  not  prove  an  insuperable  difficulty  lo 
its  construction. 
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CHAPTER    XXXV. 

ON    THE    WORKING   OF  METALLIFEROUS  MINES-- 

Continued, 

Explosives — Goopowder — Compositions  of  Various  Kinds — Prindple  of 
Explosion  from  Nitro-glycerine — Dynamite — Lithofractenr — ^Tonite— 
Gnn-cotton — Patent  Gunpowder — Explosion  by  Detonators — Saving 
that  could  be  effected  often  prevented  by  Miners—Plan  adopted  in 
American  Mines — Danger — Firing  by  means  of  Electricity. 

Explosives. — Gunpowder, — The  actual  discovery  of  gunpowder 
is  lost  in  obscurity.  The  Chinese  claim  to  have  used  it  long 
before  it  was  known  in  Western  Europe,  where  its  discovery 
b  assigned  to  Berthold  Schwartz.  An  explosive  powder 
was  known  in  this  country  and  used  for  heavy  cannon  in 
the  eleventh  century  ;  but  it  was  not  until  the  thirteenth  cen- 
tury that  its  composition  became  more  accurately  defined  and 
its  power  understood.  It  was  not  until  three  centuries  later 
that  powder  was  used  in  mines  as  an  explosive,  when  Martin 
Weigal  first  proposed  its  use  in  the  mines  of  Freiberg  in  the 
year  1613 ;  but  it  was  not  before  1630  that  its  use  became 
general  in  the  mines  of  the  Hartz  and  Erzgebirge.  Forty  years 
later,  or  about  1670,  it  was  first  used  in  England  at  the  Ecton 
mines,  on  the  borders  of  Stafford  and  Derby,  when  it  was  used 
not  so  much  to  break  down  the  rock  underground  as  to  split 
up  great  blocks  of  stone  which  had  been  brought  down  by  the 
old  methods  of  fire  and  wedges.  Early  in  the  eighteenth 
century  it  was  introduced  into  the  mines  of  Western  Cornwall 
by  two  men  named  Bell  and  Case,  who  came  from  the  Eastern 
coast,  and  who  had  learned  the  secret  from  the  Germans. 
Since  that  date  its  use  has  become  almost  universal  in  mines, 
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Ibc  mm  BMHKueov  the  ^poboa  oT  tbe  wbole 
B  the  gmla  Ibc  reodBg  fanx ;  bean  Ibc  wpgiwaily  of  ex- 
1  tr  ill  ififtw  I  ova  mi^  igMnn  H.  Benfacdd,  a. 
I  Ac  niKB9K  eqriBEne  faroe  of  ibe 
of  jMhu—ri' '  wtiidi  facm  die 
e  of  odKt  expiosne  nmpooods;  as  tbUcws  : 

niaiiMi^pnil  I S 

~  dw   ......         .  I3J 

«« 

■c 9» 

BenboOet,  a  FKDcb  eipaiiiMntet;  eodean^red,  tosuds 
Ae  close  of  the  cut  <:enniiT,  to  iacreise  tbe  Saax  of  I 
posdn  br  ibi;  cse  of  cbknte  of  pMxsb  k  a  base,  t: 
lb  III— li  III  of  hi^  wcvks,  vwboec.  .lod  put  of  bis  bmilj',  «itb 
ife  ^nccknj  «>>r.tpe  of  bi:a$eiC  V*  ^a  expiuaon  "^irard  t^ 
hK  sti&ii]^  bK  ci&«  OB  1  ^nln  of  p:>«via  hins  *"*  dK  %hit, 
pK  a  stup  10  hi*  eJ.?«in»eEEs. 

Smce  liku  taste  lanoisi  ei^inixxms  hiTi;  bectt  laaib   ■■  tiat 
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same  direction,  and  compounds  have  been  introduced  as  safe 
and  powerful,  but  the  extreme  danger  attending  the  manu* 
lacture,  carriage,  and  storage  of  such  compounds  has  hitherto 
prevented  these  chloratic  powders  from  coming  into  general 
use. 

There  are  variations  of  black  blasting  powder  now  in  use. 
For  example,  Messrs.  Curtis  and  Harvey  make  a  very  strong 
and  safe  explosive.  There  is  also  the  powder  caXLt^  pudroUthei 
whose  properties  are  at  present,  however,  little  known. 

NitrO'glycerine. — The  discovery  of  nitro-glycerine  by  M. 
Sobrero  in  1847  ^^^  ^'^^  t<>  ^^  maniifacture  of  a  new  group  of 
mining  explosives  of  the  most  wonderful  power.  Nitro- 
glycerine itself  is  formed  by  the  action  of  nitric  and  sulphuric 
acid  upon  glycerine.  This  is  a  thick,  syruplike-looking  Uquid, 
with  a  sweet  taste,  that  is  obtained  chiefly  from  the  fatty  sub- 
stances used  in  the  manufactiure  of  soap  and  candles.  When, 
by  the  action  of  the  acids  named,  it  becomes  nitro-glycerine 
it  is  an  oily  liquid  hke  olive-oil,  with  a  sweet  and  rather 
aromatic  taste,  but  without  smell  It  is  poisonous  when  taken 
into  the  stomach  or  absorbed  through  the  pores  of  the  skin. 
Its  vapours  when  exploded  cause  violent  headache.  It  ex- 
plodes at  a  heat  of  about  360°  with  great  force,  which  it  also 
does  if  struck  with  a  hammer.  Even  the  blows  made  in  un- 
packing the  wooden  cases  in  which  tins  containing  it  have  been 
packed  have  caused  terrible  explosions. 

In  exploding,  nitro-glycerine  gives  out  twice  the  amount  of 
heat  generated  by  gunpowder.  It  has  therefore  been  calcu- 
lated that  if  a  volume  of  powder  gives  200  volumes  of  cold 
gas  expanded  by  heat  four  times  to  800  volumes,  a  volume 
of  nitro-glycerine  gives  1,300  volumes  of  cold  gas,  which  ex- 
panded by  heat  eight  times  produces  10,400  volumes.  Its  ex- 
plosive power  is  consequently  about  thirteen  times  that  of 
powder. 

Practically,  it  has  been  found  that  the  use  of  nitro-glycerine 
in  this  unmixed  and  liquid  form  was  attended  with  such  ex- 
treme danger  that  it  could  neither  be  used,  carried,  or  stored 
with  any  degree  of  safety.    The  attention  of  scientific  men  waa^ 

A  A2 
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therefore,  long  directed  to  the  devising  of  some  means  whereby 
it  mi^t  be  safer  to  handle  and  use,  without  losing  mudi  of  its 
expl(»ive  force. 

Ihfnamite. — As  one  of  the  first  outcomes  of  these  efibrts 
was  Uie  invention  and  manufacture  of  this  explosive  by  Mr. 
Alfred  Nobel  in  1867.  Dynamite,  which  is  also  known  and 
extensively  used  in  America  as  Giant  Powder,  is  stated  to  be  a 
mixture  of  nitro-glycerine  with  an  inftisorial  earth,  tiiat  con- 
sists priticipally  of  the  minute  porous  silidous  sheUs  of  the 
Diatomaceffi. 

J 1  is  of  a  greyish  brown  colour,  and  it  freezes  or  congeals  at 
a  temperature  of  43°  Fahr.  It  is  claimed  for  it  that  it  is  as 
safe  as  ordinary  powder  in  the  handling;  that  small  portions 
of  it  may  be  exploded  by  a  blow ;  but  packages  containing 
it  may  be  freely  handled.  It  must  be  kept  dry,  but  it  may  be 
used  in  wet  ground.  An  American  mining  captain  thus  sums 
up  the  advantages  of  its  use  as  compared  with  ordinary 
powder'  : 

'  1st.  The  amount  of  work  which  can  be  performed  in  a 
given  space  in  a  mine  is  nearly  double. 

*  2nd.  The  consumption  of  steel  is  about  one  halC 

'  3id.  The  consumption  of  hammers  is  about  one  half. 
'4th.  The  consumption  of  candles  is  about  one  half. 
'  5th.  The  width  of  drifts  or  slopes  is  only  about  one  hal( 
requiring  so  much  less  material  to  be  hoisted  from  the  mine. 
'  6th.  The  mining  timbers  required  are  much  shorter. 

*  7th.  The  ore  raised  from  the  mine  is  broken  by  the  force 
of  the  powder,  so  as  to  require  less  spalling  for  the  mill. 

'  8th.  The  prc^ess  of  the  work  in  the  mine  is  expedited  at 
least  40  per  cent,  and  in  wet  mines  the  progress  is  increased 
fiilly  fifty  per  cent,,  if  not  more.' 

The  yearly  consumption  of  dynamite  is  now  very  large  in 
all  mining  countries. 

Two  variations  of  dynamite  have  recently  been  introduced. 
I'trst,  its  explosive  power  has  been  increased  by  issuing  it  in  a 

'  Raymond,  Statitliii  ef  Mining  IVal  of  tit  Retfy  JUtntalaitu. 
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more  liquid  state  ;  and,  secondly,  its  safety  has  been  increased 
at  the  cost  of  some  reduction  in  its  explosive  force,  by  the 
addition  of  camphor. 

LitJuffradmr. — ^This  is  the  name  given  to  another  very 
valuable  adaptation  of  nitro-glycerine,  as  invented  and  patented 
by  Messrs.  Krebs  Bros.,  of  Cologne,  who  have  agents  in  the 
chief  mining  districts  of  this  country.  As  far  as  may  be  sur- 
mised, this  explosive  differs  from  dynamite  in  the  use  of  a  less 
proportion  of  nitro-glycerine,  and  the  use,  as  absorbents,  of 
substances  which  are  explosives  themselves,  instead  of  a  non- 
explosive,  as  infusorial  earth.  The  result  is  said  to  be  more 
powerful  than  that  of  dynamite ;  the  use  of  it  to  be  quite 
as  safe;  and  the  fumes,  when  exploded,  less  noxious  than 
those  of  dynamite,  from  the  fact  that  the  whole  of  the  nitro- 
glycerine in  the  compound  is  consumed.  I  do  not  pretend  to 
decide  these  points,  but  that  it  is  a  most  valuable  and  poweifiil 
explosive  I  have  no  doubt,  as  the  following  examples  of  work 
done  by  it,  and  witnessed  by  myself,  will  show  : 

The  bed  of  mineral  to  be  won  was  about  one  foot  wide.  It 
was  underlain  by  several  beds  of  hard  limestone,  which  had  to 
be  blown  down  to  a  width  of  about  3  feet  before  the  mineral 
bed  could  be  blown  down.  A  one-inch  hole  was  drilled  in  the 
solid  limestone,  in  the  face  of  one  of  the  stopes.  The  hole 
was  placed  4  feet  6  inches  above  the  underside  of  the  stope, 
and  it  penetrated  the  limestone  3  feet  This  hole  was  charged 
with  12  ounces  of  lithofracteur.  The  whole  mass  of  the  lime- 
stone, 3  feet  wide,  4  feet  6  inches  deep  at  the  face,  and  from 
the  end  of  the  hole  irregularly  downwards  to  a  total  distance  of 
6  feet  6  inches,  was  detached  and  broken,  so  that  it  was  worked 
down  with  a  pick.  Another  charge  of  12  ounces  brought  down 
bodily  a  mass  of  the  limestone  on  the  face  of  a  stope,  4  feet 
long,  3  feet  wide,  and  3  feet  deep.  Two  other  charges  gave 
similar  results. 

Tbnite^  or  Cotton  Powder^  is  another  powerful  explosive.  It 
seems  to  be  a  mixture  of  nitric  acid,  with  cellulose  substances, 
cotton  woody  fibre,  hemp  paper,  and  the  like.  It  is  held  by  its 
makers  to  be  the  '  safest,  cheapest,  and  strongest  of  all  ezplo- 
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avts,'  which  is,  of  course,  saying  a  good  deal.  In  experiments 
that  were  made  at  Messrs.  Clajtou  and  Speight's  collieries, 
near  Leeds,  in  June  1877,  Mr.  Dineen  explained  that  tonite  is 
of  a  diiferent  nature  to  dynamite  or  gun-cotton.  It  contains 
no  glycerine,  and  it  will  not  explode  except  by  means  of  a 
detonator  specially  prepared. 

Gun-colton,  closely  allied,  however,  to  tonite,  is  the  older  ex- 
plosive gun-cotton,  and  also  the  explosive  recently  manufac- 
tured by  the  Patent  Gunpowder  Company,  at  their  works  in 
Glyn  Ceiriog,  North  Wales,  from  woody  fibres. 

Improvements  have  lately  been  made  whereby  tiie  cellulose, 
by  being  soaked  previously  in  sulphuric  acid,  is  reduced  to  a 
fine  impalpable  powder,  in  which  it  is  in  the  best  state  possible 
for  the  absorption  of  explosive  liquids,  and  the  improvementa 
will  affect  all  those  explosive  compounds  in  wliich  cellulose 
matter  is  used. 

Besides  the  compounds  I  have  described  there  are  a  great 
number  of  adaptations  of  nitro -glycerine  and  nitric  acid,  witJi 
cellulose  and  other  matters.  The  science  of  explosives  is  pro- 
bably yet  in  its  infancy,  and  possibly  we  may  hear  before  long 
of  explosives  safer  and  stronger  than  any  yet  discovered.  Hap- 
pily the  reversal  of  the  judgment  given  by  Mr.  Justice  Fry  in 
June  1877,  which  practically  gave  to  Nobel's  Explosive  Com- 
pany the  exclusive  control  over  nitro -glycerine  compounds, 
leaves  the  field  of  discovery  and  manufacture  open,  which 
otherwise  it  would  not  have  been.' 

Detonators. — The  whole  of  the  nitric  acid  and  nilro-glyce- 
rine  preparations  just  described  require  to  be  exploded  by  a 
detonator,  which  is  usually  a  cap  partly  filled  with  fulminating 
powder,  which,  when  the  fuze  has  been  fixed  in  it,  is  placed  in 
a  small  cartridge,  probably  itself  more  explosive  than  the  bulk 
of  the  material.     The  fuze  is  lighted  in  the  ordinary  way. 

'  Since  ihe  above  has  been  in  type,  Mr,  Justice  Fry's  judgment  of  187^ 
has  been  confitmed;  consequently,  lithofracteur  cannot  no'.T  be  sold  ot 
uiedin  this  country.  Practically,  indapoil  from  the  legal  aspects  of  the  case, 
this  is  a  misfortune  to  mining,  uid  it  is  to  be  feared  that  imptov-enieDt* 
In  nitro-glyccrine  eipIosiTes  will  be  Impossible  for  some  years  loconie. 
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The  great  danger  to  the  miners  lies  in  unexploded  charges, 
and  here  the  greatest  care  must  be  takea  The  Government 
rules  are  very  stringent,  and  should  be  implicitly  obeyed.  The 
instructions  given  by  the  makers  of  the  different  explosives 
should  also  be  closely  adhered  to. 

There  is  no  doubt  that  the  explosives  just  described  are  as 
safe  as  ordinary  powder,  and  that  they  will,  if  the  holes  are 
placed  with  judgment,  do  several  times  the  work  of  ordinary 
blasting  powder.  But  we  want  a  new  generation  of  miners 
before  these  explosives  will  perform  all  the  work  they  are  capable 
of.  It  is  found,  I  think,  that  the  men  will,  if  not  watched,  per- 
sist in  placing  the  holes  just  in  the  way  they  did  before^  and 
bring  no  more  fock  down  at  a  charge  than  they  did  with  the 
old  powder.  They  are  more  intent  on  saving  the  powder  than 
of  bringing  down  plenty  of  ground. 

To  obviate  this,  the  plan  has  been  adopted  in  some  Ame- 
rican mines  of  appointing  one  or  more  intelligent  firemen,  whose 
work  it  is  to  direct  where  the  holes  are  to  be  drilled,  and  to  fire 
the  shots.  The  men  are  paid  so  much  per  foot  for  drilling. 
When  the  holes  are  deep  enough  the  depth  of  them  is  measured, 
and  the  drillers  are  removed  to  another  part  of  the  mine.  The 
firemsm  then  charges  the  holes  and  fires  the  fuze.  Then  the 
fillers  come  and  remove  the  stuff,  and  the  process  is  repeated. 

Firing  by  Electricity. — Efforts  have  been  made,  since  the 
days  of  Franklin  in  1757,  to  supersede  the  ordinary  method  of 
igniting  explosives  by  means  of  fuze,  by  the  explosion  of  such 
charges  by  means  of  electricity. 

For  some  time  past  oiu:  Government,  as  well  as  others,  have, 
under  the  advice  and  by  the  help  principally  of  Mr.  Bell,  largely 
adopted  this  method  in  large  quarry  operations,  and  in  the 
firing  of  trains  or  torpedo-like  machines. 

Recent  attempts  in  the  application  of  the  system  to  quaiiy. 
ing  have  also  been  successfiil ;  and  the  operation  is  valuable  in 
the  sinking  of  shafts,  because  it  can  be  performed  on  the  surface 
after  the  miners  have  come  out  of  the  pit 

The  principle  is  simple.  Instead  of  fuze  double  wires  pre- 
pared for  the  purpose  are  inserted  in  the  explosive  charge; 
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When  a  number  of  charges  are  to  be  exploded,  one  wire  from 
one  hole  is  securely  attached  to  one  wire  in  the  next  hole,  and 
•o  on,  the  circuit  being  made  complete  through  all  the  charges. 
The  electricity  may  be  excited  by  an  ordinary  electrical  ma- 
chin^  although  there  are  now  some  specially  prepared  for  die 
,  purpose.  When  a  sufficient  quantity  is  stored  die  circuit  is 
completed  to  the  machine,  and  the  whole  of  the  shots  are 
simultaneously  fired. 

Good  illustrations  of  the  method  are  given  in  a  pamphlet 
on  Bamhardfs  Electrical  Firing  Machine,  which  is  issued  by 
Mr.  John  Darlington,  of  a  Coleman  Street  Buildings,  London, 
KC 

Applied  to  quarries,  open  workings,  large  shafts,  and  work 
bgs  where  there  is  plenty  of  room,  the  method  will  be  found 
advantageous  in  many  respects.  But  the  care  required  is  so 
great,  the  risks  of  failure  numerous,  and  success  is  so  dependent 
upon  delicate  and  intelligent  manipulation,  that  I  fear  it  will 
be  some  time  before  we  have  miners  sufficiently  intelligent, 
skilful,  and  patient  to  manage  the  process.' 

'  tdj  own  experience  has  been  almost  univeisaUp  iDCcenfbl  as  applied 
to  filing  a  leries  of  from  thirty  (o  firt;  holes  in  qautfiag,  or  Irom  ax 
npwMdi  in  the  face  of  a  level  after  machine  drilling.  But,  as  already 
■tated,  it  took  a  considerable  time  lo  train  a  man  to  this  q>ecial  work, 
•ad  even  then  1  olwaya  made  a  point  of  examining  the  drcnil,  and  espe- 
cially the  joints,  myself,  before  allowing  the  charge  lo  be  filed.  Great 
CBie  thould  be  taken  no!  to  destroy  the  insulation  of  Ihe  fuse  wires  during 
the  itemming  of  the  holes,  and  in  open-air  operations  the  risk  of  Eiulure 
i*  less  upon  a  fine  day. 

or  the  two  classes  of  firing  machines,  I  prefer  Ihose  working  apon  the 
principle  of  a  dynamo  with  condensen  to  the  frictional-plate  machines,  a* 
these  latter  are  more  subject  to  climatic  influences. 

The  reader  who  is  desirous  of  fuller  information  on  the  subject  ol  ex- 
plosives  may  be  referred  lo  Mr.  Eisslei's  Handbotk  en  Modtnt  Mxphtiva. 
(London:  Crosby  Lockwood  &  Son.) -E.  H.  D. 
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Dtoinage  and  PuiD[ni]g — Ancient  Hethodj — Bureli — H[uid  Wliimi — 
HotK  Whims— W«et  Whed»— Newcomen's  Engine— WUt'l  Engine- 
Saving  effected  in  Fuel— Register  of  Daty,  tSiz,  1844, 1878— Tablet  of 
Work  done — ImprOTetnenti,  lenlting  in  Increase  of  Duty,  Is  Bcdlen, 
Engines,  Sliaft  Appliances  —  General  Description  of  Pumping  Airange 
menti  in  a  SbaA— Other  Pnmpi — Hydmulic-power,  Windmills— Gnat 
Tunnels  for  Drainage— Blackett,  Halk^  lUdiuth,  Kit  Hil),  Emit 
Aueust  Rothshontxtses,  Emperor  Joseph,  Comstock. 

Drainage  and  Pumping.* — One  of  the  first,  and  usually  the 
chief,  difficulty  encountered  by  the  miner  lies  in  the  presence 
of  water,  whidi,  finding  its  way  ftom  the  surface  through  chinks 
and  devices  of  the  strata,  or  through  strata  porous  in  itself 
rapidly  accumulates  in  underground  excavations. 

The  difficulty  increases  as  he  passes  below  the  adit,  usually 
short,  driven  for  the  purpose  of  draining  the  superficial  strata. 
The  old  book  on  mining  by  Agricota,  already  referred  to,  con- 
tdns  many  illustrations  of  the  rude  contrivances  employed  up 
to  his  time  to  overcome  the  inflow  of  water.  aSo  years  ago 
few  mines  in  Cornwall  were  worked  at  a  greater  depth  than  from 
30  to  40  fathoms.  The  drainage  machinery  then  employed  was 
of  much  the  same  chaiucter  as  that  described  by  Agricola,  for, 
we  are  told  by  Carew,'  it  consisted  of  'pumps  and  wheeles 

'  John  Bourne,  Tnatise  on  tht  Sttam  Engint,  Lcmgmani ;  Wairingtod 
W.  Smjth,  Coal  attd  Coal  Mnatg,  Ciosbjr  Lockwood  ft  Sod;  S.  Hughci 
ifaitr  iVartt,  &•(.,  Crosby  Lockwood  &  Son;  Huiband,  'Leetnre  on 
Pumi^ng  lilachinety,'  Mitang  Jemiuil,  June  33,  187S,  tl,  nq. 

*  Carew.  Sitnity  a/ Cmttaiall,  l603. 
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driven  by  a  stieame,  and  iDterchangeably  filling  and  enipQiiig 
two  buckets,  with  many  such  like.' '  Towaids  the  middle  <^  the 
last  centuiy,  a  good  deal  of  watei  was  raised  by  hand  and  force 
pomps.  For  mines  of  shallow  depth,  water  barrels,  worked  up 
and  down  the  shaft  by  a  windlass,  and  in  mines  of  greater 
depth  by  a  horse  whim,  were  employed.  A  common  device, 
and  one  still  practised  in  the  East,  was  the  rag  and  chain  pmnp, 
which  consisted  of  a  chain,  on  which  was  tied  at  intervals 
a  bundle  of  rags,  working  up  a  pipe,  up  which  the  rags  broi^ht 
the  water  from  the  bottom  to  the  top. 

One  of  the  deepest  mines  at  that  time  was  the  BuUer  Garden 
Mine,  and  in  1778  it  was  90  lathoms  deep,  and  was  unwateied 
by  means  of  an  engine  shaA  extending  to  the  bottom.  In  Uiis 
■haft  there  were  two  pumping  '  tire- engines,'  raising  the  water 
from  the  sump  to  the  lower  adit,  a  height  of  67  fathoms. 

Surface  water  was  early  utilised  in  Cornwall  and  elsewhere 
lor  turning  large  water  wheels,  which  were  made  to  work  pump& 
A  wheel  at  Cook's  Kitchen  Mine,  at  the  date  just  given,  being 
48  feet  diameter.  It  worked  tiers  of  pumps  of  9  inches  bore, 
divided  into  fom'  lifts,  and  raised  water  80  fathoms  to  the  adit 
Iti  power  was  calculated  to  be  equal  to  a  Newcomen's  improved 
fire-engine  of  47-inch  cylinder.  Water  wheels  still  do  good  ser- 
vice in  pumping  where  the  water  supply  is  ample,  some  of 
them  being  of  great  size  ;  the  drawbacks  to  their  successfid 
working  being  drought  in  summer,  and  long-continued  frost 
in  winter. 

Newcomen's  fire-engine,  which  was  introduced  about  the 
year  1710,  underwent  many  improvements  up  to  1780;  but 
about  that  date  the  quantity  of  coal  consumed  t^  an  engine  of 
good  size  amounted  in  value  to  5,000/.  yearly. 

From  1770  the  improved  engines  of  Watt  gradually  came 
into  use;  the  tenns  on  which  the  inventor  let  them  being  the 
payment  to  him  of  one-third  the  value  of  the  coal  saved  over 
the  amount  consumed  by  the  old  Newcomen  engines. 

This  was  very  great,  for  we  find  that  at  Chacewater  Mine. 

I  Fi7ce,  Mintrale^ia  Cvmuiunia. 
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the  savbg  in  the  fuel  consumed  by  three  engines  amounted  to 
7,200/.  a  year. 

An  ingenious  mechanism  had  to  be  attached  to  the  beam  of 
the  engines  to  register  the  number  of  the  strokes  made  and  the 
length  of  the  strokes ;  a  record  being  also  kept  of  the  con- 
sumption of  coal.  When  Watt's  patents  died  out,  this  registering 
of  work  done  fell  for  a  while  into  disuse;  but  about  the  year 
181 2  the  practice  of  registering  the  duty  performed  by  the  en- 
gines and  the  expenditure  of  fuel  was  revivedi  and  placed  under 
the  charge  of  the  late  Captain  Lean,  and  the  work,  as  far  as  it 
relates  to  the  best  engines,  has  up  to  this  time  been  continued 
by  his  son. 

The  duty  of  an  engine  is  the  amount  of  work  done  in  rela- 
tion to  the  amount  of  fuel  consumed.  The  method  adopted  in 
Cornwall  has  been  to  find  out  what  weight  of  water  has  been 
lifted  one  foot  high  by  the  consumption  of  a  bushel=394  lbs.  of 
coal.  Of  late  years  the  bushel  has  been  exchanged  for  the 
hundredweight  of  1 12  lbs.  This  found  out,  the  ascertaining  the 
weight  of  water  lifted  out  of  a  mine  of  a  given  depth,  is  simple. 
Thus,  if  an  engine,  by  the  consumption  of  112  lbs.  of  coal,  lifts 
60,000,000  lbs.  of  water  i  foot  high,  the  amount  raised  out  of  a 
shaft  100  fathoms,  or  600  feet  deep,  would  be  100,000  lbs. 
This  being  the  result  of  dividing  the  amount  raised  i  foot  high, 
by  the  depth  of  the  pit,  600  feet. 

The  highest  duty  reached  by  any  of  Watt's  engines  was 
24,000,000  lbs.,  but  by  frequent  improvements  in  their  construc- 
tion, and  in  the  arrangement  of  the  pumps,  the  amount  gradu- 
ally increased,  until  in  1844  the  average  duty  performed  by  37 
engines  was  68,000,000  lbs.  of  water  raised  i  foot  high  by 
the  consumption  of  112  lbs.  of  coal,  or  a  consumption  of 
3:^  lbs.  of  coal  for  every  effective  horse-power.  In  March  1878 
Uie  average  duty  had  declined  to  49,000,000  lbs.  or  4^  lbs.  of 
coal  for  every  horse-power,  or  an  increase  of  quite  25  per  cent 
on  the  cost.  In  June  of  the  same  year,  the  duty  performed 
had  increased,  being  as  follows  : 

The  number  of  pumping-engines  reported  for  this  month 
was  16.    They  consumed  2,116  tons  of  coal,  and  lifted  16*5 
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million  tons  of  water  lo  &thoms  high.  The  average  dot)'  of 
tbe  whole  was,  therefore,  52,400,000  lbs.  lifted  i  foot  hi^ 
by  the  consumption  of  1 1 3  lbs.  of  coal.  The  following  engines 
exceeded  the  average  duty  : 


Dolco.th-85  in.   ...                 .         . 

Wot  BasMt— Tfaonuu'i  60  in. 

S8-8 
56a 
SS-9 

WertWhadFrances-sSin. 
W«l  Tolpa-Bichaid'i  70  u>.     .       . 
Wert  Wheal  Scion— Harvey'!  Sj  in.      . 
West  Wheal  Beton-Rule's  70  in. 

SS'3 
S7-0 
78-1 
TS-4 

Still  theie  is  a  declioe  of  pumping  power  compared  widi 
1844,  and  a  variety  of  reasons  have  been  assigned  for  the 
ialling  off— such  as  the  use  of  inferior  coal,  less  carefully  trained 
gtokers,  and  working  the  engines  with  less  expansion  of  steam 
dian  formerly ;  but  perhaps  the  chief  reason  lies  in  the  fact 
that  the  mines  arc,  on  the  whole,  three  times  their  former 
depth,  or  300  fathoms  instead  of  100  &thoms.  The  g;reater 
depth,  of  course,  entails  a  greater  length  of  pump  rods,  and 
correspondingly  more  friction. 

The  useful  ublc  on  pp.  338-9,  compiled  by  Mr.  J.  B.  Simp 
■on,'  presents  in  a  very  complete  form  the  work  done  by  is 
different  engines,  together  with  the  cost  of  the  same. 

Assuming  that  my  readers  understand  the  principle  on 
which  a  pump  acts,  fig.  133  will  represent  the  ordinary  pumping 
arrangements  in  a.  mine  shaft.  Fig.  134  is  a  continuation  of 
the  same  as  in  a  section  at  right  angles  to  133  up  to  the 


It  will  be  seen  that  the  water  is  drawn  first  of  all  from  the 
smnp  through  the  suction  pipe  i  by  means  of  a  bucket  with 
valves  working  in  the  barrel  4,  and  is  forced  up  from  thence  80 
yards  or  so  to  the  plunger  arrangement  at  6,  7,  8,  and  9. 
From  this  point  upwards,  plungers,  which  consist  of  a  solid 
piece  of  iron,  8,  working  in  a  barrel  or  cylinder,  9,  are  generally 

'  Simplon,  Ti-amacliani  cf  North  cf  England  Imtitutt  a/  Miiang  ana 
Mithaiiitat  Engitutri  vol.  xii.  p,  301,  el  itg. 
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used  in  preference  to  the  bucket  and  valve  arrangement  at  4, 
for  the  reason  that  the  water  does  not  by  the  adoption  of  thic 
means  need  lifting.  The  weight  of  the  rods  12,  13,  or  as 
much  of  this  weight  as  is  necessary,  forces  the  plunger  8  down, 
which  in  its  turn  sends  the  water  up  the  adjoining  pipe,  a,  to 
the  next  plunger,  and  so  on  up  to  the  adit  level  or  other  point 
of  discharge,  a  valve  placed  near  the  point  10  preventing  the 
return  of  the  water  downwards.  The  weight  of  the  column  of 
water  in  the  pipe  is  thus  balanced  by  the  weight  of  the  rods. 
The  extra  weight  of  the  rods  above  what  is  required  for  this 
purpose  being  balanced  by  the  erection  of  x  bobs  in  short 
levels  driven  at  convenient  points  in  the  shaft 

Compared  with  what  was  done  sixty  or  seventy  years  ago,  it 
will  be  seen  that  pumping-engines  do  now  about  three  times 
the  work  they  did  then.  This  result  has  been  accomplished 
by  means  of  improvements  (i)  in  the  construction  of  boilers ; 
(3)  in  improvements  of  the  engines,  particularly  in  the  arrange- 
ments about  the  cylinder ;  and  (3)  by  the  superior  mechanism 
of  the  pumping  arrangements  in  the  shaft  itself  The  boilers  have 
been  made  stronger ;  Taylor's  boilers,  for  example,  being  {  of 
an  inch  thick  and  equal  to  60  lbs.  pressure.  Then,  in  Comisli 
boilers,  by  the  arrangement  of  flues  running  through  them,  a 
larger  surface  of  water  is  exposed  to  the  direct  action  of  die 
fire.  The  same  result  is  attained  in  tubular  boilers.  In  the 
engine  there  is  the  expansion  of  the  high-pressure  steam,  which 
is  effected  by  cutting  off  the  supply  when  the  stroke  is  only 
about  a  quarter  made.  There  is  also  the  addition  of  an  outer 
case  to  the  cylinder,  which,  when  filled  with  steam  and  cased 
by  a  covering  of  non-heat-conducting  materials,  preserves  the 
heat  of  the  cylinder  itself.  Then  in  the  shafts  great  attention 
has  been  paid  to  the  construction  of  the  pump  rods,  so  as  to 
provide  strength  without  the  addition  of  weight  or  friction. 
The  latter  is  also  avoided  by  the  firee  use  of  rollers,  especially 
in  inclined  parts  of  the  shafts,  as  well  as  by  the  nice  adaptation 
of  balance  bobs;  so  that  a  great  engine  lifting  up  a  vast 
quantity  of  water  now  does  its  work  easily  and  smoothly. 

Thus  far  the  pre-eminence  must  be  conceded  to  Cornish 
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engineers  for  getting  the  most  work  done  by  their  pumping 
engines  for  the  least  money — although  great  results  are 
attained  in  the  North  of  England  Besides  the  pumps  I  have 
described  there  are  the  useful  pumps  of  Tangye,  another  of 
Haywood,  with  the  recent  invention  of  Daveys,  manufactured 
by  Hathom,  of  Leeds ;  but  for  deep  mines  and  large  inflows  of 
water  the  old  pumping  arrangement  must  remain.  Efibrts  may 
however  be  made  to  increase  its  power  by  the  use  of  stronger 
boilers  and  more  perfect  engines  and  machinery. 

Efforts  are  being  made  to  utilise  surface  water  for  pumping 
and  winding  by  means  of  hydraulic  apparatus,  a  high  thin 
column  of  water  in  a  shaft  being  made  to  throw  up  a  larger 
column  a  lesser  height  For  an  interesting  account  of  work 
done,  chiefly  in  Germany,  the  reader  may  consult  a  paper  by 
Mr.  John  Darlington,  in  the  *  Report  of  the  Miners'  Association 
of  Cornwall  and  Devon  for  1874/ 

Dr.  Raymond'  suggests  that  for  high,  dry,  and  remote 
districts^  like  those  abounding  along  the  Sierra  Nevada, 
windmills  may  be  used  with  success  in  mining  operations ;  and 
certainly  there  is  room  for  experiments  in  this  directioa  The 
windmills  of  Norfolk  and  Holland,  particularly  those  of  the 
latter  country,  have  done  good  work  in  surface  draining,  and 
there  does  not  seem  any  reason  why  the  adaptation  of  this 
power  might  not  be  applied  to  the  working  of  mine  pumps  and 
the  movement  of  ore  stamping  and  dressing  machinery.  As 
a  matter  of  fact,  too,  windmills  have  been  used  for  mininc^' 
a  century  or  two  back.  In  1708  they  were  used  at  several 
collieries  in  Scotland  for  pumping.  On  an  old  map  of  the 
Mona  Copper  Mine  in  ^glesea,  dated  1785,  a  windmill  is 
shown  in  use.  At  the  same  mine  one,  constructed  by  Captain 
Hughes,  is  now  working  well.  Windmills  were  also  occasionally 
used  half  a  century  ago  at  some  of  the  Cornish  mines.  Not 
long  ago  one  was  used  at  a  lead  mine  in  Flintshire,  for  dressing 
the  ore.  Another  has  been  in  use  several  years  at  the  Rose- 
bush Slate  Quarries,  in  Pembrokeshire ;  and  one  has  just  been 
erected  by  Captain  Davies,  at  the  Clogau  Gold  Mine,  Merioneth- 

1  Statistics  of  Mining  Wtsi  of  thi  Rocky  Mountains. 
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Ehire.  The  great  defect  of  this  source  of  power  is  its  inter- 
mtltent  action;  but  in  sooie  instances  this  is  overcome  by 
utilising  the  excess  of  power  possessed  at  times  to  pump  water 
from  a  lower  to  a  higher  level,  where  it  is  stored  for  use  on 
calm  days.  At  the  present  time  attention  is  drawn  to  this 
question,  and  the  mining  papers  have  numerous  references  and 
■uggesdons  relating  to  the  subject 

Notwithstanding  the  immense  power  of  the  engines  em- 
ployed, varying  as  they  do  from  800  to  1,000  horse-power,  it 
has  been  found  practically  impossible  to  drain  some  mines, 
ctpedally  those  in  limestone  regions.  Thus  an  800  horse-power 
engine  was  found  unable  to  unwater  the  Rhosesmor  Lead  Uine 
in  Flintshire,  and  an  85-inch  cylinder  engbe  was  compaia- 
tively  powerless  at  one  of  the  Derbyshire  mines  in  the  same 
fbnnation. 

Those  of  my  readers  who  have  seen  Holywell,  where  a 
river  able  to  work  mills  and  manufactories  rushes  from  under- 
grotmd,  may  form  some  idea  of  the  volume  of  water  that  has 
often  to  be  contended  with  in  limestone  r^ona.  One  con- 
■eqnence  of  this  flow  of  water  is  that  in  Derbyshire  it  is  foimd 
impossible  to  work  the  lead  mines  below  the  level  of  the  old 
'soughs,'  or  adit  levels  which  have  been  driven,  and  at  this 
moment  some  known  productive  mines  axe  idle  in  Flintshire 
from  the  same  cause. 

These  consideradons,  with  the  expense  also  that  is  entailed 
by  pumping  from  deep  mines,  have  led,  where  Ae  country  lies 
high  above  the  sea,  and  the  contour  of  the  surface  is  favourable, 
to  the  construcdon,  at  a  great  cost,  of  long  capacious  district 
tunnels. 

One  of  these  in  this  country  is  the  Blackett  level,  com- 
menced by  Mr.  Beaumont,  on  his  property  in  East  Allendale, 
in  1850,  and  whose  entire  length  is  nearly  seven  miles.  The 
Halkyn  drainage  level,  which,  under  the  superintendence  of 
Uessrs.  John  Taylor  &  Sons,  is  now  progressing  at  the  rate  of 
80  yards  a  month,  starts  from  a  point  between  Flint  and 
Halkyn,  and  will  extend  to  the  neighbourhood  of  Mold  This 
will  be  about  seven  miles  long^  and  it  will  drain  the  lead  mining 
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r^on  of  Halkjrn  Mountain,  induding  the  Rhosesmor  Mine 
just  alluded  to.  In  the  mining  district  of  Redruth,  in  Com* 
wall,  there  is  a  tunnel  which,  including  its  branches,  has  a 
length  of  nearly  forty  miles.  The  Kit  Hill  tunnel,  in  the  same 
county,  is  another  similar  great  work  now  in  course  of  con- 
struction. 

In  Germany  there  is  the  Ernst  August  tunnel,  which  was 
begun  in  1850,  at  a  place  near  Gittelde,  in  the  Duchy  of 
Brunswick,  and  which  extends  a  distance  of  fourteen  miles  to 
underneath  the  town  of  Clausthal  in  the  Hartz,  where  it  drains 
the  mines  to  a  depth  of  1,200  feet  below  the  church  of  that 
town. 

The  Rothshonberger  Stollen,  a  tunnel  near  Freiberg,  in  the 
Erzgebirge,  is  eight  miles  long,  and  with  its  branches  much 
longer;  and  a  tunnel  twenty-four  miles  long  is  in  contemplation 
in  the  same  district. 

The  mining  district  of  Schemnitz,  too,  in  Austro-Hungary, 
has  a  level,  '  The  Emperor  Joseph,'  more  than  nine  miles  in 
length.  The  Comstock  tunnel,  in  Nevada,  is  another  great 
work,  just  now  completed,  as  far  as  the  main  level  is  concerned, 
and  an  idea  of  the  magnitude  of  this  work  will  be  gained  by  a 
reference  to  figs.  39  and  40. 

These  great  works  can,  however,  at  the  most  only  drain 
down  to  the  sea  level,  and  if  the  metallic  ores  contained  in 
watery  strata  below  this  level,  and  which  hitherto  have  been 
deemed  unattainable,  are  to  be  won,  stronger  and  more  effective 
means  than  any  hitherto  known  must  be  conceived  and 
adopted.  Here  is  a  field  for  engineering  enterprise,  for  we 
must  not  be  beaten.    We  are  bound  ultimately  to  win. 
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CHAPTER  XXXVII. 

ON  THE  DRESSllfG   OF  MBTALUC  ORES. 

ndch^  and  Soilii^ — Crushing  with  Hommen — SpaUing — Occ-breakillg 
Machine* — Blake's,  others— Crushing— Fine  Crushing — Grinding — 
Kiom  Rolls — StuDpiDg  snd  Stamps — Old  Cornish  Stamps — Improved 
Stamps— Work  done  by  them— Work  done  by  American  and  AusCraliai) 
Stamps— Recently  invented  Stamps — Palterson'a  Elephant  Ore  Stamp 
— ShoU's  Pneumatic  Stamp  —  Husband's  Stamp — Harris's  Annolai 
Stamp  Head— Cox's  Stamping  Machine — Stamp  Battery— Amalgama- 
tion— Free-milling  and  Refractory  Ores — Classification  and  Concen- 
tnUion — Fnie  Vanner — Chlorination. 

Wheh  brought  out  of  the  mine,  metallic  ores  are  usually  more 
or  less  incennixed  with  each  other,  and  with  the  various  noD- 
metallic  substances  in  the  midst  of  which  they  lay  when  in  the 
lode  or  deposit  They  have  therefore  to  undergo  various  pro- 
[  cesses  whereby  they  may  beeone  separated  and  concentrated 
to  as  good  a  marketable  quality  as  possible. 

I  will  now  notice  these  processes  in  the  order  in  which  they 
occur,  together  with  the  principles  on  which  they  proceed  In 
doing  this  we  will  assume  that  we  are  following  the  processes 
employed  in  the  preparation  of  lead  ore,  and  we  can  turn  aside, 
as  may  be  required,  to  notice  the  variations  of  the  processes  as 
adapted  for  other  metallic  minerals. 

Picking  and  sorting. — When  lead  ore  is  brought  out  of  a 
mine,  it  is  tipped  over  a  strong  grate,  where  a  stream  of  water 
is  generally  caused  to  pass  over  it  The  purest  lumps  of  ore, 
which  do  not  require  further  dressing,  are  here  picked  out,  as 
are  also  stones  known  to  be  barren  of  ore.  In  the  caverns  and 
flats  of  the  Carboniferous  Limestone  there  are  often  great  lumps 
itf  pure  galena,  which  only  require  the  clay  chipped  or  washed 
off  them  before  they  are  ready  for  sale. 
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Crushing. — All  the  lumps  containing  ore  are  placed  on  one 
side  to  be  crushed,  or  otherwise  broken  into  sizes  suitable  for 
the  next  operation. 

The  means  formerly  used  for  this  purpose  were  very  simple. 
The  larger  lumps  were  broken  by  heavy  hammers,  and  still 
further  reduced  in  size  by  spalling.  This  was  an  operation  in 
which  the  lumps  of  ore  were  laid  upon  a  flat  bench  of  stone  oi 
iron,  and  struck  with  a  large  flat  piece  of  iron  fixed  on  the  end 
of  a  handle  of  wood.  In  course  of  time  a  pair  of  rollers  turned 
by  the  hand  were  also  used  in  reducing  the  ore  to  its  requisite 
fineness,  otherwise  it  could  by  constant  spalling  be  reduced  to 
the  same  size.  The  process  is  still  in  use  at  mines  where 
machinery  has  not  been  erected,  and  I  saw  it  in  operation  in 
1878  at  a  lead  mine  in  Flintshire,  which  was  returning  40  to  50 
tons  of  ore  per  month. 

More  recently  at  extensive  mines  this  first  crushing  and 
breaking  of  the  ore  has  been  better  and  more  expeditiously 
performed  by  machines  constructed  for  the  purpose  ;  the  one 
known  as  Blake's  Stonebreaking  Machine,  the  invention  of 
Mr.  Blake,  of  New  Haven,  and  manufactured  in  this  countiy 
by  Mr.  Marsden,  of  Leeds,  is  the  one  in  most  general  use. 
Latterly  there  have  been  modifications  of  this  machine,  which 
are  known  as  the  Alden,  Archer's,  Broadbent's,  and  Lester's. 
Blake's  may  be  taken  as  the  type  of  the  group,  and  a  repre- 
sentation of  it  is  given  in  fig.  135,  and  the  following  description 
by  the  maker  will  enable  the  reader  to  understand  its  me- 
chanism : 

'  The  sectional  elevation  shows  the  position  of  the  essential 
parts  of  the  stone-breaker,  a  is  the  main  firaming,  and  b  a  soft 
cast  iron  plate  interposed  between  the  frame  and  the  fixed  jaws 
c^  and  c^  In  place  of  the  tedious  process  of  running  white 
metal  behind  the  jaws,  they  have  now  smooth  soft  metal  strips, 
which  form  a  perfect  bearing;  the  same  mode  of  securing  a 
good  bearing  is  also  adopted  for  the  movable  jaws,  c'  c^.  The 
sectional  jaws  are  obviously  renewable  one  by  one,  and  there- 
fore derive  the  name  **  Reversible.''  When  any  jaw  becomes 
worn,  it  only  requires  to  be  turned,  and  does  not  as  formerly, 
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necessitate  an  entirely  aew  jaw ;  the  upper  sections  which 
operate  first  on  the  stone  "sledge"  it,  and  the  lower  sections 
finaUy  reduce  it  to  the  size  desired.  The  connecting  rod  it 
double,  and  consists  of  two  cast  iron  heads,  c,  with  capbolts 
and  viTought  iron  rods,  h,  keyed  into  the  heads  at  the  upper 
end,  and  looped  round  the  steel  pin  i'  at  the  lower  end.  The 
toggle  piates  k  and  j  are  solid,  the  pins  i'  and  i'  are  likewise 
of  steel,  and  their  ends  are  secured  by  caps  and  bolts  to  the 
movable  jaw  stock  d,  and  to  the  piece  l  respectively.     From 
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the  diagram  it  will  be  observed  that  the  latest  improvement 
consists  in  a  modified  arrangement  of  the  toggles  and  connect- 
ing rod,  with  the  object  of  diminishing  friction ;  and  from  the 
results  obtained  in  practice  there  can  be  no  doubt  that,  in 
addition  to  a  saving  of  power,  a  far  larger  quantity  of  material 
b  treated  The  machine  has  always  been  acknowledged  to 
secure  vast  economy,  and  the  long  experience  which  Mr. 
Marsden  has  had  in  the  manufacture  of  the  machines,  has 
naturally  enabled  him  to  remedy  such  trilling  defects  as 
required  to  be  removed,  m  order  to  render  the  machine 
perfect' 
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The  work  that  can  be  accomplished  by  the  difierent  sized 
is  thus  given : 
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It  is  found  that  when  the  ore  is  laige  it  ts  convenient  to 
ase  two  machines,  one  for  breaking  the  large  and  one  foi  the 
smaller  lumps.  Practically,  also,  it  has  been  found  that  a  given 
quantity  of  ore,  which  has  been  broken  by  a  machine,  may  be 
stamped,  when  this  further  operation  is  necessaiy,  in  seven- 
eighths  of  the  time  required  for  stamping  ore  broken  by  spalling, 
probably  because  it  is  fractured  throughout. 


Another  type  of  rock-breaker '  which  has  recently  come  Into 
successful  wotk  is  the  '  Gates,'  constructed  by  the  Gates  Iion- 
■  Note  b7  E.  H.  D. 
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works  Company,  of  Chicago,  and  Queen  Victoria  Street 
London.  This  machine,  of  which  Hg.  135A  is  an  illustration, 
is  simple  and  compact,  and  is  capable  of  putting  through 
large  quantities  of  rock,  and  reducing  it  at  one  operation  ready 
for  the  roller  crushers  or  stamps.  One  of  its  advantages  is  that 
there  is  considerably  less  vibration  than  with  the  ordinary 
form  of  rock-breaker,  and  consequentiy  less  foundation  is 
necessary.  The  power  required  may  be  calculated  from  the 
general  rule  that  the  breaker  will  turn  out  one  ton  per  horse- 
power per  hour  when  reducing  down  to  a  3^  in.  diameter  ting. 
Grinding. — After  leaving  the  rock-breaker  the  ore,  in  the 
case  of  lead,  zinc,  or  copper  ores,  passes  on  to  a  revolving 
picking- table,  or  on  to  a  broad  belt  moving  at  a  slow  rate.  It 
is  here  hand-picked  over  by  women  or  boys,  who  pick  out  the 
lumps  which  are  absolutely  sterile,  as  well  as  those  which  are 
rich  enough  to  be  sent  to  market  without  further  treatment. 
The  quantity  of  ore  which  then  falls  off  the  picking-table  and 
down  a  shoot  into  the  crushers  is  thus  considerably  reduced, 
and  the  result  is  a  clear  gain,  both  of  power  to  the  mill  and  of 
ore  saved. 


The  ore  has  now  to  be  reduced  to  such  a  size  as  will 
liberate  the  mineral  grains  from  the  sterile  matrix,  and  for  this 
purjTOse  it  is  ground  between  hard  steel  rollers,  the  general 
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arrangement  of  which  will  be  seen  in  fig.  135B,  which  shows 
the  type  known  as  Cornish  rolls,  as  manufactured  by  Messrs. 
Jordan. 

The  whole  of  the  ore  cannot  be  reduced  to  the  required 
size  at  one  operaticm,  and  consequently  a  portion  of  it  wbidi 
is  rejected  as  too  lai^e  by  the  sizing  screens  is  returned  to  the 
rolls  by  means  of  an  elevator. 

In  most  mills  a  separate  set  of  rolls  is  kept  for  gnndii^ 
the  tailings  and  for  re-grinding  the  mixed  and  poor  products 
from  the  jiggers.  For  this  purpose  a  special  pair  of  Cornish 
rolls  is  used  or,  in  some  cases,  stamps.    The  machine  which 
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seems  best  suited  to  this  work,  however,  is  that  known  as 
the  Kiom  roller  crusher.  Two  of  these  crushers,  one  widt 
rolls  14  in.  long  x  36  in.  diameter,  the  other  with  roQa 
16  in.  long  X  30  in.  diameter,  ruiming  at  a  velocity  of  100 
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revolutions  per  minute,  are  equal  in  capacity  to  a  50-sLainp 
mill.' 

The  Krom  rolls  (shown  in  figs.  135c  and  i35D)are composed 
of  two  sets  of  cast-iron  cores,  n,  on  steel  axes,  c  c',  carrjing 
Steel  tyres,  a.  The  rolls  vary  from  26  in.  to  30  in.  in  diameter, 
including  the  steel  tyres.  These  tyres  are  made  of  the  best 
open-hearth  steel,  and  are  aj  in.  thick  on  the  26-in.  rolls,  and 
3J  in.  thick  on  the  30-in.,  and  can  be  worn  down  to  J  in., 
having  (it  is  said)  been  worn  as  low  as  i  in.  They  are  used 
until  they  are  so  thin  that  they  become  loose  from  expansioiL 
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Subjoined  is  a  detailed  account  of  the  appliance  : — 

'  The  pillow-blocks,  l,  of  one  of  these  rolls  is  firmly  bolted 
to  the  bed-plate,  f,  by  the  nut,  n.  The  second  one  is  set  in  a 
swinging  pillow-block  fixed  in  two  strong  cranks,  dd',  which 

Ciosby  Lock  wood  &  Son, 
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rotate  in  a  journal,  E,  set  in  the  cast-iron  frame,  F.  The  shaft,  m, 
which  connects  the  two  swinging  pillow-blocks,  is  ii  in.  in 
diameter,  so  that  this  roll  and  sh^ft  are  always  held  in  line  with 
the  other  rolL  When  rolls  are  constructed  with  pillow-blocks 
which  slide  on  the  bed-plate  independent  of  each  other,  it  is 
difficult  to  keep  the  two  shafts  parallel ;  besides,  there  was 
always  a  liability  of  the  roovable  pillow-blocks  getting  loose  on 
the  bed,  which  is  not  only  objectionable,  but  causes  damage  to 
the  bottom  fece  of  the  pillow-block  and  the  face  of  the  bed- 
plate. But  with  this  construction  all  the  pillow-blocks  are 
securely  fixed.     One  pair  is  firmly  bolted  to  the  bed,  while  the 
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movable  pillow-blocks  swing  on  the  strong  pivot,  e.  The  dts 
lance  between  the  two  rolls  is  regulated  by  the  screws,  h,  one  on 
each  side,  with  their  jam  nuts  to  prevent  any  motion  after  they 
are  once  set.  The  rolls  are  held  by  two  heavy  bolts,  J,  so  that 
the  position  once  fixed  the  distance  of  the  surfaces  caimot  be 
changed  by  any  action  of  the  machine,  but  only  by  the  wear  of 
the  rolls.  To  the  fixed  rolls  a  large  driving  wheel,  g,  7  ft  in 
diameter  and  15  in.  wide,  is  keyed  on  its  axis,  c,  and  to  the 
movable  one  a  smaller  wheel,  h,  43  in.  in  diameter  and  8  in. 
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wide,  is  keyed  on  its  axis,  c*.  The  rolls  are  covered  with  i 
housing,  F,  shown  also  in  fig.  135E,  to  which  an  exhaust  fan 
is  attached,  so  that  no  dust  escapes  into  the  air,  the  whole 
of  it  being  carried  to  the  dust  chamber.  To  this  housing  a 
feed-box,  1,  is  attached,  which  is  provided  with  a  series  of  in- 
clines, so  as  to  spread  the  ore  in  a  continuous  and  even  sheet 
between  the  surface  of  the  rolls.  Magnets  are  attached  to 
the  feed-chute  to  catch  any  pieces  of  hard  steel  which  may 
have  fallen  into  the  ore  from  broken  tools,  which  might 
dent  the  suiface  of  the  rolls ;  iron  will  do  no  injury  to  the 
foces. 

'  The  machine  is  very  compact,  a  pair  of  a6-ia  rolls  occupy- 
ing a  ground  space  of  7  ft  by  7^  ft.  The  tyres,  which  for  the 
26-in.  roll  weigh  816  lbs.  each,  are  held  in  place  by  two  cast- 
iron  heads,  b,  which  are  slightly  conical  in  shap&  One  of 
these  is  shrunk  on  the  sh^t,  the  other  is  slit  on  one  side  and 
slips  on  to  it.  Both  of  the  heads,  b,  are  so  placed  on  the  shaft 
that  the  smaller  diameter  will  be  toward  the  centre.  The  sted 
tyre  is  turned  out  on  the  inside  to  correspond  to  this,  so  that  it 
can  be  easily  slipped  over  the  permanent  head  and  the  loose 
core  brought  up  to  it.  The  two  are  securely  fastened  together 
by  bolts,  K,  so  that  when  the  movable  head  is  drawn  up  to  the 
permanent  one  the  slit  in  it  closes  and  makes  it  perfectly  tight 
on  the  axle. 

'  It  was  thought  at  first  that  the  steel  tyres  would  be  found  to 
wear  unevenly,  but  they  do  not.  When  the  tyres  are  worn  thin 
they  become  loose  ;  they  can  then  be  very  easily  removed  and 
othera  substituted.  To  prevent  loss  of  time  it  is  a  good  plan 
to  have  duplicate  rolls,  so  that  there  may  be  no  delay  when 
the  tyres  are  worn  out,  as  the  putting  on  of  a  new  set  requires 
but  a  short  time.  Movable  check  pieces  are  placed  at  each 
end  of  the  rolls  to  keep  the  ore  from  spreading  sideways. 
These  check  pieces  are  also  adjustable. 

'The  rolls  are  usually  arranged  in  sets  of  two,  or,  when 
very  fine  crushing  is  intended,  in  sets  of  three.' 

IVear  and  tear  0/  Crushers. '  — The  stone  crushers,  which  are 
'  Note  by  E.  H.  D. 
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usually  of  the  Blake  type  shown  in  fig.  135,  on  page  374,  are 
the  machines  which  have  the  roughest  work  to  do  in  a  con- 
centrating mill,  and  are  of  course  designed  with  a  special  view 
to  that.  With  the  exception  of  the  jaw-plates,  they  are  subject 
to  but  little  wear  and  tear,  so  that  the  principal  point  to  be 
attended  to  is  to  always  have  in  reserve  a  supply  of  the  jaw- 
plates,  r^,  ^,  ^,  ^  of  fig.  135,  and  also  a  few  spare  toggle-plates, 
K  and  J,  which  are  occasionally  broken. 

Next  to  the  stone  crushers,  the  roller  crushers,  fig.  135B, 
receive  the  greatest  strain,  and  the  movable  shells  which  encase 
the  rollers,  and  between  which  the  mineral  is  ground,  are  con- 
tinually wearing  away,  and  that  in  a  very  irregular  manner, 
though  owing  to  the  unequal  feed  of  the  mineral  it  is  generally 
the  centre  portion  which  first  wears  into  a  groove,  while  the 
edges  crack  off.  Reserve  shells  ready  mounted  on  a  spare  set 
of  bosses  and  shafts  should  always  be  kept  at  hand  for  replac- 
ing the  worn  rollers,  so  as  to  avoid  delay.  With  regard  to  the 
deep-toothed  wheels  which  in  fig.  135B  are  shown  at  the  further 
side  connecting  the  rollers,  I  am  not  personally  in  favour  of 
their  use,  as  I  have  always  found  that  the  friction  between  the 
rollers  is  sufficient  to  keep  them  revolving  equally.  It  has 
been  my  practice,  therefore,  to  leave  this  gearing  in  its  place 
if  the  rollers  are  supplied  with  it,  but  to  remove  it  as  soon  as 
the  teeth  begin  to  break. 

When  rollers  are  used  for  fine  crushing,  such  as  the  re- 
crushing  of  the  tailings  from  the  jiggers,  the  wear  is  not  so 
great,  and  by  using  automatic  feeders  the  surface  of  the  shells 
can  be  more  equally  worn.  In  some  mills  it  is  the  practice  to 
turn  down  the  worn  surface  to  a  true  face  again  in  a  lathe,  or  by 
means  of  a  slide  rest  temporarily  attached  to  the  fiamework  of 
the  crushers,  but  as  the  metal  of  which  tlie  shells  are  made  is 
excessively  hard  it  is  a  difficult  and  lengthy  piece  of  work  to 
turn  them  true  when  once  worn. 

Stamping  and  Stamps, — Stamps  have  been  used  in  Cornwall 
from  early  times.  These  stamps,  280  years  ago,  were  of  a  simple 
but  effective  kind.    In  general  appearance  they  resembled  the 
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kind  shown  in  fig.  136,  and  the  same  description  is  still  in  use 
at  some  of  the  smaller  mines  in  the  country.  Tbey  consisted 
of  an  upright  beam  of  wood.  A,  shod  with  iron,  and  weighing 
about  150  lbs.  This  was  raised  by  a  wheel,  b,  on  which  there 
were  cog-hke  projections,  which  when  made  larger  were 
called  cams.  The  beam  was  left  to  fall  by  its  own  weight 
There  were  generally  three  or  six  of  these  worked  together 
by  a  water  wheel.  The  constant  falling  of  the  beams  crushed 
the  tin  ore  to  powder,  in  which  state  it  was  at  first  carried 
away  to  be  further  treated.     This  was  the  dry  method,    Giadu- 
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■By  the  practice  grew  of  turning  a  stream  of  water  upon  the 
pulreiised  ore,  which  washes  it  through  finely  perforated 
iron  plates  into  pits,  where  it  is  deposited  according  to  its 
■pedfic  gravity.  This  is  the  wet  method  In  course  of  time, 
but  not  until  recently,  the  wood  beam  was  replaced  by  iron, 
and  the  wdght  increased.  The  bottom  of  the  stamp  was  also 
made  movable,  so  that  it  could  be  renewed.  With  these 
principal  exceptions,  this  was  the  kind  of  stamp  introduced  into 
California  and  Australia,  any  modifications  consisting  chiefly 
in  the  machinery  by  which  it  was  worked,  and  the  addition  of 
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the  rotary  process  in  which  the  stamp  turns  around  as  it  strikes 
its  blows.  The  first  steam  stampiug  mills  in  Cornwall  are  said 
to  have  been  erected  at  Wheal  Fanny  in  Camborne,  and  Wheal 
Vor,  Breage. 

For  some  time  the  utmost  work  done  by  these  old  stamps 
was  the  cnishiug  of  half  a  ton  of  ore  per  head  in  twelve  hours.  A 
modification  of  them  erected  at  Wheal  Basset  Mine  in  Corn- 
wall crushes  27^  cwt  per  head  in  the  same  time.  At  St  Ives 
Consols  Mine,  a  26-inch  cylinder  engine  worked  52  heads  of 
stamps  of  750  lbs.  each,  besides  working  a  pulveriser,  20  round 
budcUes,  and  4  short  pumps.  The  stamps  crushed  1,000  tons  of 
ore  per  month.  Among  the  old  stamps  was  a  round  one,  of  a 
weight  of  900  lbs.  and  a  movement  of  80  blows  a  minute,  with 
a  drop  of  9  iuches  at  each  stroke.  The  cost  of  pulverising  tin 
ore  by  the  ordinary  Cornish  stamps  is  estimated  at  is.  gd,  per 
ton. 

The  following  particulars '  will  illustrate  the  amount  of 
work  done  by  ordiuary  stamp  mills  in  America  at  the  present 
time  : 

Work  recently  performed  by  stamping  machinery  in 
America : 

Stanford  Mill,  at  White  Pine. 

Si/v^  Mi//,  Cruskir^  Dry. 


Nnmber  of  mortars 

Discharge  of  mortars 

Number  of  stamps  to  each  mortar 

Total  nnmber  of  stamps 

Weight  of  a  stamp  in  pounds 

Height  of  drop  in  inches 

Number  of  drops  per  minute 

Screens  made  of  brass  wire 

Trade  number  of  the  screens 

Tons  of  rock  crushed  in  24  hottl 

Tons  crushed  per  stamp  per  24  hours 

Quality  of  the  rock 

Formation  .... 

Fineness  of  the  bullion 
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Hard 

Limestone 

99S 
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Meadow  Valley  Mill,  at  Piochs. 
Silver  Mill,  Crushing  Wet. 

Number  of  mortan 
DJKchai^e  of  mortars . 
Number  of  stamps  to  each  nior 
Tola!  number  of  stamps 
Weight  of  B  stamp  in  pounds 
Hnght  of  drop  in  inches 
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Nomber  of  drops  per  [ 

Screens  made  of  R 

Trade  number  of  sc 

Tons  of  rock  crushed  in  14  bour^ 

Tons  ernshed  per  stamp  per  24  hours  . 

Qaalit;  of  the  rock 

Fornulioii 

Finenesa  of  the  bullion 

Raymond  and  Ely  at  Pioche 
Silver  Mill,  Crushing  Dry. 

f  umber  of  mi 

Discharge  of  1 

Number  of  stamps  to  each  mortar 

Total  number  of  stamps 

Wnght  of  stamps  in  pounds 

Height  of  drop  in  inches     . 

Number  of  drops  per  minute 

Screens  made  of  bia^i  wire 

Trade  number  of  screens 

Tons  of  rock  crushed  in  24  hours 

Tons  crushed  per  stamp  per  24  hours 

Qualitj'  of  rock 

Fineness  of  bullion 


.    Tough 


Easy 
775 


St.  Lawrence  Mill,  at  Newcastle,  Placer  Co.,  Cat 
GoU  Mill,  Crushing  Wet. 

Number  of  mortals     ......  I 

Number  of  stamps  to  each  mortar       ...  6 

Total  number  of  stamps 6 

Weight  of  a  stamp  in  pounds      ....  650 

Height  of  a  drop  in  inchei                                     ,  10 
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38S 


Number  of  drops  per  minute  •  • 
Screens  made  of  Russia  iron,  punched 
Tradenumber  of  the  screens  .  • 
Tons  of  rock  crushed  in  24  hours 
Tons  crushed  per  stamp  per  24  hours  . 
Quality  of  the  rock    .        .        .        . 

Formation 

Fineness  of  the  bullion       .        .        , 


90 

5 

17 

a  85 

Brittle 
Qnaits 


Eureka  Mill,  at  Carson  River,  near  Virginia  Citt. 

saver  MiU,  Crushing  Wei. 

Number  of  mortars     .... 
Number  of  stamps  to  each  mortar 
Total  number  of  stamps     .        •        • 
Weight  of  a  stamp  in  pounds      •        • 
Height  of  drop  in  inches    .        •        • 
Number  of  drops  per  minute      •        • 
Screens  made  of  Russia  iron,  punched 
Trade  number  of  the  screens 
Tons  of  rock  crushed  in  24  hours 
Tons  of  rock  per  stamp  per  24  hoars  • 
Quality  of  the  rock    .... 

Formation 

Fineness  of  the  bullion       .        •        • 


12 

5 

60 

950 

9 
90 


4 

159 

2-65 

Easy 
Qnaits 
•980 


Water  required  in  Working  Quartz. 

Each  stamp  uses  10  lbs.  per  minute.  Each  pan  uses  16  lbs. 
per  minute.  Each  settler  uses  9  lbs.  per  minute.  If  the  water 
is  run  from  the  mill  into  settling  tanks  it  can  be  saved  with  a 
loss  of  20  per  cent  This  will  make  the  actual  supply  of  water 
required  in  pounds  per  minute  to  be  as  follows  :  For  one 
stamp,  2  ;  one  pan,  3*2;  one  settler,  1*8. 

Power  required  for  a  6o-Stamp  Mill. 

60  stamps,  at  i^  horse-power    . 


22  pans,  at  4  horse-power 
1 1  settlers,  at  3  horse-power 
3  concentrators,  at  2  horse-power 
I  rock  breaker         •        • 
Friction       .... 


67*5  horse-power. 
880 


330  ,. 

6-0  „ 

5'5  » 

25-0  „ 


Total  power  required 

eg 


225-0  horse-power* 
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Watbr  hequikd)  for  a  6o-Stamp  Mtu. 
3»5  horse-power  wiL  reqiure  pet  miiiule      .        .       169  Ibt, 
60  itampa  „  „ 


4 


T««l» 


r  required 


600  lbs. 

99  ll^- 
t»olb«. 


Of  which  1*051  tbs.  used  for  stamps,  pans,  and  settlers  can  be 
re-pumped  to  the  tank  at  a  loss  of  20  per  cent,  and  the  169  lbs. 

for  the  engine  can  be  condensed  at  3  loss  of  50  per  cent     This 
will  leave  the  actual  amouot  to  be  supplied  as  follows  ; 


Tola! 


84-5  It". 
194-7  lbs. 


In  No.  4  screens  the  holes  arc  ^th  of  an  inch  in  diameter, 
and  there  are  144  holes  to  the  square  inch.  In  No.  6  screen 
the  holes  are  :^th  of  an  inch  in  diameter,  and  there  are  314  to 
the  inch. 

Ai  Black  Hill,  on  the  River  Yarra-Yarra,  in  VicWria,  sixty 
■tamps,  weighing  700  lbs.  each,  crush  96  tons  of  dean  hard 
quartz  a  day,  or  a  little  ovn  1}  tons  each.  The  stamps  make 
about  70  blows  a  minute  and  revolve.  They  arc  worked  by  a 
too  horse-power  double- cylinder  engine,  18  inch,  which,  besides 
working  the  stamps,  works  two  13- inch  plunger  pumps,  with  other 
work  besides.     The  cost  of  crushing  the  ore  is  41.  per  ton. 

The  work  of  an  ordinary  st.-imp  may  therefore  be  taken  at 
a  maximum  of  i^  tons  of  ore  crushed  in  twelve  hours. 

The  attention  of  Comish  engineers  has  lately  been  directed 
to  means  whereby  this  result  may  be  largely  increased,  by  se- 
curing a  greater  number  of  blows  of  greater  power  per  minute^ 

Among  the  inventions  for  this  purpose  are  the  stamps  of 
Patterson,  Sholl,  and  Husband  Patterson's  Elephant  Ore 
Stampis  provided  with  a  spring,  the  action  ofwhichis  todrawdie 
stamp  head  back  the  moment  the  blow  is  struck,  so  that  the 
(ock  is  shattered  into  grains  without  being  ground  into  powder. 
A  machine  with  two  heads  is  at  work  at  Wheal  Uny,  Cornwall. 
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It  ii  driven  by  an  S-inch  cylinder  engine,  with  ii-indi  ttrcdte 
Mid  from   10  to  II  horse-power.    Each  head  makei  neariy 


Fjc  tj7.— Sbctiobai.  Vrnn  or  Shoij-i  Pwiuk*tic  ETAHr. 

130  Strokes  a  minute,  and  the  ore  is  passed  through  a  vety  fine 
grating  at  the  rate  of  i  ton  evety  75  minutes,  or  about  9  toni 

CC3 
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in  II  houn.    The  cost  on  ote  to  the  extaitttf  i,8oo  t 
month  is  estimated  at  9^.  per  ton. 


Flo.  i]B FaoHT 


Illustmtions  of  Sholl's  Pneumatic  Stamp  are  given  in  fig 
137  and  i}8,  and  may  be  thus  described : 


husband's  stamping  Machines.  389 

The  stamps  are  either  fixed  on  a  suitable  foundation,  or  are 
self-contained.  The  direct-acting  stamps  are  driven  by  steam 
direct,  and  compress  the  air  on  two  sides  of  a  piston  in  the 
pneumatic  cylinder  and  stamping  stem.  It  is  from  this  ar 
rangement  the  cushioning  principle  is  obtained  to  counter- 
act the  violence  of  the  descending  blow  of  the  hammers  01 
stampers. 

As  the  piston  descends  into  the  air  cylinder  it  compresses 
the  air,  and  thus  provides  an  elastic  agency  competent  to  r^;u- 
late  the  blow  of  the  hammer  to  the  required  stroke,  and  thus 
in  effect  converting  it  into  a  self-regulating  action  capable  of 
overcoming  any  danger  which  may  arise  from  a  negligent  supply 
to  the  hopper.  The  maximum  number  of  blows  per  minute 
are  150,  and  it  is  claimed  for  this  stamp  that,  owing  to  the 
peculiar  character  of  its  principle,  much  smaller  stamps  can  be 
used  either  for  prospecting  purposes,  or  where  portability  be- 
comes a  necessity  through  bad  roads,  &c 

One  of  these  stamps  is  in  use  at  the  Botallack  Mine,  Corn- 
wall, where  the  tin  ore  has  to  be  powdered  very  fine.  It 
passes  one  ton  per  hour  through  No.  36  wire  gauge  grates, 
making  145  to  150  blows  a  minute. 

Husband's  stamps  are  somewhat  similar,  employing  an  air 
cushion  or  break  in  the  same  way.  One  in  use  at  Smeddle's 
gold  mine,  in  Nicaragua,  has  a  head  weighing,  with  everything 
attached,  830  lbs.  It  reduces  12  tons  of  quartz  ore  so  that  it 
will  pass  through  fine  gratings  every  10  hours. 

In  stamps  having  a  head  with  a  large  surface  there  is  a  dif- 
ficulty in  getting  the  powdered  ore  away  from  the  centre.  To 
obviate  this  difficulty  Messrs.  Harris  &  Rounsivello  have  con- 
trived a  large  head,  with  a  round  hole  through  the  middle 
of  it,  down  which  the  water  and  ore  are  supplied;  and 
Mr.  S.  H.  F.  Cox  has  invented  a  machine  to  use  this  head 
which  weighs  one  ton,  and  by  the  aid  of  two  large  cams, 
worked  by  steam,  he  proposes  that  it  shall  give  200  blows  a 
minute.  As  far  as  experience  goes,  however,  a  head  of  mode- 
rate weight  working  quickly  is  better  than  a  very  heavy  head 
which  reduces  the  tin  ore  to  slime,  and  which  in  the  case  of 
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gold  would  make  the  particles  so  small  that  they  would  flow 
off  in  the  waste  water.  On  the  other  hand,  if  gold  quartz  ore 
is  not  crushed  fine  enough  the  grains  of  gold  are  lost,  em- 
bedded in  the  waste  quartz.  Each  mine,  almost,  requires  its 
own  adaptation  of  stamping  power  and  machinery. 

It  is  usual  *  to  make  the  stamps  in  sets  or  batteries  of  five 
heads,  and  these  may  have  wooden — or,  as  is  the  more  modem 
practice,  iron — frames,  of  which  fig.  138A  is  an  illustration. 
Many  machines  have  been  invented  with  a  view  to  supersede 
stamps,  but  hitherto  none  have  been  permanently  successful 
as  applied  to  the  pulverising  of  gold  ores. 

Nor,  indeed,  are  stamps  perfect,  and  one  of  their  most  not- 
able defects  is  that  they  beat  out  the  malleable  gold  grains,  and 
drive  into  them  hard  stony  particles,  which  entirely  prevent  the 
mercury  upon  the  copper  plates  from  amalgamating  with  them  ; 
and,  in  addition,  the  crushed  ore  or  pulp  is  so  badly  classified 
that  it  contains  grains  of  all  sizes,  from  an  impalpable  powder 
on  the  one  hand,  up  to  grains  the  size  of  the  sieve  employed 
on  the  other.  The  duty  of  a  stamp  mill  varies  very  much 
according  to  the  nature  of  the  rock  which  is  being  crushed 
and  the  size  to  which  it  is  reduced,  as  well  as  by  the  speed  of 
the  mill  and  the  weight  of  the  head  of  the  stamp.  The 
greatest  efficiency  can  only  be  attained  after  a  careful  trial 
upon  the  ore  to  be  crushed,  and  this  should  be  done  in  all 
cases  until  the  machine  is  made  not  only  to  crush  its  full 
quantity,  but  also  to  crush  it  to  such  a  size  that  the  greatest 
percentage  of  gold  may  be  obtained  from  it  on  the  plates. 

A  700-pound  stamp  should  crush  from  one  to  three  tons 
m  twenty-four  hours  when  running  at  a  speed  of  seventy-five 
blows  per  minute,  and  crushing  the  ore  to  pass  through  a 
No.  4  or  No.  5  screen.^ 

As  to  the  rate  of  speed,  this  is  a  question  which  can  best 
be  determined  by  trial  upon  the  actual  rock  to  be  crushed ; 
for,  although  a  high  rate  of  speed  will  pulverise  the  greatest 
quantity  in  the  least  time,  yet  there  is  a  limit  to  this,  and  the 

*  Notes  by  E.  H.  D.,  from  here  to  end  of  chapter. 
'  77ie  Metallurgy  of  Gold,  by  M.    Eissler.     London :  Crosby  Lock* 
wood  &  Son. 


STAMP  BATTERY. 


FN.  tjlA.— laOH-ntAi 


STAitr  BATTsar. 


battery  should  be  nin  at  such  a  speed  as  to  secure  the  greatest 
economy  in  crushing  only,  without  reference  to  the  subsequent 
Amalgamation,  the  appaiatoi  for  which  should  be  ada^acA.  M& 
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the  battery,  and  not  the  latter  to  the  former.     As  a  general  rule^ 
the  speed  should  not  exceed  seventy-five  blows  per  minute. 

The  wear  and  tear  may  be  summed  up  as  follows  : — 

For  each  head  of  five  stamps,  thirteen  sets,  each  of  five 
sheets,  of  screens  per  year. 

Each  shoe  should  crush  79  tons  of  rock,  the  wear  being 
t^  lbs.  of  iron  per  ton  of  rotlc,  and  should  last  for  a  month. 

Each  die  should  crush  100  tons  of  rock,  or  f  lbs,  of  iron 
per  ton  of  rock,  and  should  last  seven  weeks. 

Each  stem  should  run  at  least  sixty  weeks  without  break- 
ing, crushing  say  860  tons  of  rock. 

The  quantity  of  water  necessary  is  about  30  cubic  feet  for 
every  cubic  foot  of  rock  crushed. 

Amalgamation.' — The  slime  or  pulp  formed  by  the  stamping 
of  the  ore  is  carried  through  the  sieves  placed  in  the  front  of 
the  mortar  boxes,  and  is  then  spread  in  a  thin  sheet  over  an 
inclined  table,  covered  with  amalgamated  copper  plates,  as 
shown  in  fig.  138A.  Such  of  the  gold  as  is  free-  that  is,  un- 
combined,  either  chemically  or  mechanicilly,  with  any  othw' 
matter— is  seized  and  retained  by  the  mercury  fonning  the  , 
amalgam,  while  the  remainder  of  the  dirty  water,  containing  a  j 
proportion  of  free  gold  in  suspension,  and  the  whole  of  the  ■ 
gold,  combined  with  other  substances  coming  under  the  class 
of  refractory  ores,  is  allowed  either  to  run  to  waste,  or,  where 
the  value  of  the  gold  still  retained  is  great,  is  passed  on  to 
concentrating  machines,  which  finally  separate  and  retain  the 
rich  portion  of  the  slimes,  and  allow  the  remainder  to  run  to 
waste.  The  machinery,  however,  is  not  yet  so  perfect  but  that 
a  considerable  loss  in  gold  always  occurs ;  and  this  gold  is 
deposited  in  the  mud  of  the  rivers  running  from  the  mines, 
often  at  a  very  considerable  distance  from  them  ;  and,  as  in 
Victoria,  is  a  source  of  small  profit  to  the  bands  of  Chinamen 
who  there  make  a  living  by  boiling  the  sludge  in  iron  pots 
with  mercury  and  water,  and  so  extract  the  gold. 

The  amount  of  gold  caught  by  the  mercury  of  the  amalga- 
mated plates  is,  under  favourable  circumstances,  and  with  free- 
1  See  also  p.  417, 
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milling  ores,  about  60  per  cent,  of  that  contained  in  the  ore ; 
and,  unless  other  appliances  are  made  use  of,  the  remainder  is 
lost.  (I  do  not  here  purpose  going  into  the  full  details  of  the 
working  of  each  machine,  and  the  amount  of  efficiency  to  be 
expected  from  it,  but  would  refer  my  readers  to  the  many 
technical  works  treating  especially  of  the  amalgamation,  con- 
centration, and  chlorination  of  gold  ores,  each  of  which  is 
almost  a  special  subject  of  itself,  and  in  large  mills  requires  a 
specialist  to  work  each  department.) 

The  plates  require  constant  attention,  and  must  be  kept 
absolutely  clean ;  and  as  the  amalgam  hardens  from  the 
absorption  of  gold,  fresh  mercury  should  be  sprinkled  over  it, 
through  the  pores  of  a  chamois  leather. 

At  the  end  of  the  month  the  clean  up  takes  place ;  the 
amalgam  is  scraped  off  the  plates  by  means  of  a  dull  chisel, 
and  after  being  cleaned  from  impurities  is  distilled  in  an  iron 
retort  The  mercurial  fumes  pass  over  and  are  condensed 
into  metallic  mercury  for  future  use,  while  the  spongy  mass  of 
gold  left  in  the  retort  is  fused  in  a  black-lead  crucible  and  then 
cast  into  ingots. 

In  addition  to  the  copper  plates,  many  special  amalga- 
mating machines  have  been  invented,  such  as  the  Attwood, 
Molloy,  Wheeler,  Soderling,  and  more  recently  the  Jordan 
centrifugal  amalgamator,  and  many  others.  The  amount  of 
gold  which  may  be  saved  by  their  use,  after  the  pulp  has  run 
over  the  plates,  is  about  15  per  cent,  of  that  contained  in  the 
ore,  making  a  total  of  75  per  cent  The  remaining  quantity  is 
usually  in  the  form  of  fine  float  gold,  or  is  so  combined  with 
other  substances  as  not  to  be  free-milling,  and  accordingly 
must  be  concentrated  by  special  machinery  before  it  can  be 
recovered  by  the  chemical  process  of  chlorination,  adopted  for 
all  refractory  ores. 

It  follows,  therefore,  that  the  ores  of  gold  can,  generally 
speaking,  be  divided  into  two  classes — viz.,  free-milling  and 
refractory.  By  free-milling  ores  are  meant  those  which  after 
being  crushed  yield  their  gold  up  in  such  a  form  that  it  is 
readily  attacked  and  retained  by  mercury  on  the  plates  and  in 
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the  other  amalgamating  machinery  employed^  while  refractory 
ores  are  those  which  contain  the  gold  in  such  a  form  or  com- 
bination that  it  cannot  be  advantageously  recovered  by  the 
ordinary  process  of  amalgamation. 

In  this  case  the  only  possible  means  of  recovering  the  gold 
is  by  the  concentration  of  the  ore  containing  it,  and  the  subse- 
quent treatment  of  the  concentrates  by  roasting  and  chlorinationy 
or  other  chemical  process. 

The  concentration  or  dressing  of  metalliferous  ores  is  in 
theory  the  same  for  each  mineral,  and  consists  of  the  separation 
by  mechanical  appliances  of  the  rich  portion  of  the  ore  from  the 
poor  or  waste  rock,  by  means  of  their  different  specific  gravities, 
as  is  explained  in  Chap.  XXXVIII.  of  this  book,  so  that  it  is 
unnecessary  to  treat  in  detail  of  the  concentration  of  gold  ores, 
except  to  observe  that,  owing  to  the  almost  universal  endeavour 
to  obtain  by  means  of  amalgamation  any  free  gold  which  the 
ore  may  contain,  the  mineral  is  generally  reduced  to  the  form 
of  slimes  before  the  process  of  concentration  commences,  and 
consequently  is  in  too  fine  a  condition  to  be  classified  by 
means  of  screens  or  trommels.  Under  these  circumstances,  it 
is  usual  to  employ  the  classifiers  arranged  on  the  *  Spitzkasten ' 
or  *  Spitzlutte  *  principle,  so  frequently  used  in  the  dressing  of 
lead  ores,  and  which  I  have  used  for  that  purpose  with  great 
success.  The  pulp  or  slimes,  after  leaving  the  plates,  are 
conducted  over  a  series  of  wooden  cases  resembling  inverted 
pyramids,  and  gradually  increasing  in  size.  Into  the  smallest 
or  first  compartment  the  ore  is  fed  at  the  top,  but  the  light 
particles  and  those  which  present  a  considerable  surface,  are 
prevented  from  falling  by  means  of  an  upward  current  of  water, 
brought  in  from  near  the  apex  of  the  inverted  cone.  They 
consequently  are  carried  over  into  the  next  compartment,  and 
so  on,  from  the  first  to  the  last  of  the  series,  but  as  each  is 
larger  than  the  other  the  movement  of  the  water,  both  horizont- 
ally and  vertically,  becomes  less  and  less,  and  so  finally  nothing 
but  the  light  waste  material  and  fine  float  metal  is  carried  away, 
the  rest  having  been  classified  and  deposited  in  the  cones,  from 
whence  it  is  condurted  to  the  concentrating  machines. 


PRUE  VANN&R. 
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Contentrating  Machines. — Almost  any  of  the  buddies  and 
shaking  tables  employed  for  the  concentration  of  the  sUmes 
from  lead-dressing  mills  can  be  used  for  the  purpose  of 
concentrating  gold  ores,  but  perhaps  the  machine  which  has 
been  the  most  successful  in  their  treatment,  either  as  they 
come  direct  from  the  stamps  or  from  the  copper  plates,  is  that 
known  as  the  Fnie  Vanner,  and  of  which  the  following  is  a 
description  and  an  illustration.  The  power  absorbed  per 
machine  is  said  to  be  about  one-fourth  horse-power,  and  one 
man  can  attend  to  several  at  a  time  ;  the  cost  when  the  slimes 
are  delivered  to  the  machine,  amounts  to  about  tenpence  per 
ton  of  treated  slimes. 


i^-as-^-^-'^ 


The  machine'  consists  of  an  endless  inclined  rubber  belt, 
supported  by  rollers  so  as  to  form  a  plane  inclined  rubber 
surface,  4  feet  wide  by  la  feet  long,  and  bounded  on  the  sides 
by  rubber  flanges.  The  belt  travels  up  the  incline  and  around 
a  lower  drum,  which  dips  into  a  water  tank  where  mineral  is 
collected.  In  addition  to  the  travel  of  the  belt,  the  latter 
receives  a  steady  shaking  or  settling  motion  from  a  crankshaft 
along  one  side,  the  shake  being  at  right  angles  to  inclination 
and  travel  of  belt.    The  ore  is  fed  on  in  a  stream  of  water, 

'  MuHifocluted  bjr  Mesin.  FtMcr  &  Gulmen,  Limited,  London  tad 
Chicago. 

'  Notts  on  the  Tnatmtnt  of  Geld  Ortt,  by  Flotence  CDriicolL 
Offices  of  Engineering,  London,  1889. 
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about  3  feet  from  head  of  belt,  and  flows  slowly  down  the 
incline  subject  to  the  steady  shaking  motion,  which  deposits 
the  mineral  on  the  belt.  At  the  head  of  the  belt  is  a  row  of 
water  jets.  The  slow  upward  travel  of  the  belt  brings  up  the 
deposited  mineral,  and  the  water  jets  wash  back  the  lighter 
sand,  letting  only  the  heavy  mineral  pass  and  be  deposited  in 
the  water  tank  below.  The  endless  belt  has  been  long  known, 
but  the  side  shaking  motion  and  rubber  belt  used  in  the 
Vanner  makes  an  entirely  difTcrcnt  machine,  enabling  a  more 
perfect  separation  to  be  made  than  with  any  other  machine, 
owing  to  the  small  inclination  of  belt  necessary  (from  ^  inch  to 
4  indi  to  the  foot),  and  with  very  much  less  water  than  was  evei 
before  possible.  .  .  .  The  Vanner  is  not  adapted  to  all  ores, 
and  is  unnecessary  where  close  saving  is  not  of  importance. 

When  treating  ores  in  the  usual  free-milling  manner,  the  con- 
centrator employed  should,  for  the  purposes  of  economy,  work  in 
the  wet  way,  as  with  the  classifier  previously  referred  to,  because 
the  ore  when  passing  through  the  mill  is  carried  along  by  the 
stream  of  water,  and  if  once  allowed  to  remain  steady  it  would 
lose  the  momentum  of  the  water,  fall  to  the  bottom,  and  require 
a  fresh  expenditure  of  power  to  again  set  it  moving.  In  many 
cases  the  cost  of  a  second  moving  would  mean  the  difference 
between  profit  and  loss  ;  in  any  case,  because  of  the  compara- 
tively small  proportion  the  richer  parts  of  gold  ores  bear  to  the 
whole,  a  relatively  extravagant  expenditure  would  be  required 
to  again  set  this  inert  mass  in  motion.  Although  the  Fruc 
Vanner  has  reached  a  generally  acknowledged  degree  of  per- 
fection, it  must  remain  defective  on  account  of  the  inseparable 
conditions  ordinarily  presented  by  the  crushed  material  passing 
over  it.  All  this  material  derives  its  motion  from  the  water 
with  which  it  is  mixed ;  some  of  the  pulp  is  water-borne,  the 
remainder  is  pushed  along  by  the  water,  and  it  is  the  particles 
that  resist  the  action  of  the  water  and  remain  on  the  travelling 
belt  that  are  collected.  No  machine  yet  introduced  for  the 
treatment  of  gold  ores  has  succeeded  in  saving  float  gold  and 
valuable  water-borne  slimes. 

By  tising  a  classifier  and  concentrator  the  greater  quantity 
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of  earthi  rock,  and  worthless  portions  of  the  ore  will  be  washed 
away,  and  the  bulk  so  reduced  that  the  cost  of  subsequent 
treatment  by  amalgamation  or  other  method  will  be  brought 
within  remunerative  limits,  in  many  cases  where,  otherwise,  the 
maigin  of  profit  approaches  a  vanishing  point 

Chlarination. — ^The  problem  of  how  to  obtain  the  gold 
from  refractory  ores  is  one  which  for  the  last  forty-five  years  has 
puzzled  the  heads  of  many  inventors,  and  is  still  continuing  to 
do  so.  I  do  not  purpose  tracing  the  steps  which  have  been 
taken  to  solve  it  up  to  this  date,  which  my  readers  will  find 
fully  detailed  in  the  library  of  the  Patent  Office ;  I  will  simply 
state  the  problem  and  describe  one  process  which  is  being 
successfully  worked  on  a  large  commercial  scale. 

I  have  already  explained  that  where  the  gold  in  an  ore 
exists  in  such  a  state  that  when  pulverised  it  can  be  readily 
seized  and  retained  by  the  use  of  amalgamated  copper  plates, 
or  special  amalgamating  machines,  it  is  termed '  free-milling.' 
In  all  other  cases  it  is,  in  a  general  term,  called  '  refractory,'  and 
although  it  may  not  be  chemically  combined  with  the  sulphides 
of  the  other  minerals,  such  as  those  of  iron,  lead,  arsenic,  and 
antimony,  with  which  it  is  found,  yet  it  is  so  locked  up  either 
in  microscopically  fine  grains,  or  as  a  layer  of  gilding  upon  the 
planes  of  crystallisation  of  these  minerals,  that  it  cannot  be 
separated  from  them  except  by  a  purely  chemical  process. 

The  first  step  towards  the  separation  of  the  gold  is  the 
crushing  of  the  ore  by  stamping,  the  amalgamation  of  any 
free  gold  that  it  may  contain,  the  classification  and  finally  the 
concentration  of  the  mineral,  so  as  to  reduce  its  bulk  and 
eliminate  any  sterile  quartz  or  matrix,  and  then  the  drying  of 
the  concentrates,  as  has  been  before  described,  or,  if  the  ore  is 
rich  enough  and  contains  no  free  gold,  it  can  be  at  once 
dried  as  it  leaves  the  mine,  and  is  then  ready  after  crushing  for 
the  first  chemical  process,  that  of  calcination  or  roasting. 

For  this  purpose  it  is  exposed  in  a  properly-constructed 
furnace,  which  has  been  subjected  for  some  hours  before  the 
ore  is  introduced  to  a  moderate  heat  and  a  well-regulated  supply 
of  atmospheric  air* 
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The  sulphur  is  in  pan  driven  off,  and  in  burning 
greatly  in  the  operation  of  roasting.  The  ore  must  be  con- 
tinually stirred  by  hand  labour  or  some  inechanicat  appliance 
so  as  to  expose  it  freely  to  the  oxidising  action  of  the  air,  taking 
care  that  the  temperature  is  not  lowered  too  much,  especially 
towards  the  end  of  the  process,  when  it  is  necessary  to  add 
more  fuel  and  to  keep  the  whole  mass  at  a  good  red  heat,  A 
charge  will  generally  take  from  twenty  to  twenty-four  hours 
before  its  volatile  constituents,  such  as  sulphur,  antimony,  and 
arsenic,  are  driven  off,  and  the  sulphides  of  the  other  metals 
present,  such  as  those  of  iron,  copper  and  lead,  are  converted 
into  their  respective  oxides,  and  it  is  upon  the  proper  comple- 
tion of  this  charge  that  the  efficiency  of  the  next  or  chlorinat- 
ing step  depends,  though  in  some  cases  the  gold  can  at  this 
point  be  extracted  by  amalgamation.  We  will,  however,  follow 
the  process  of  chlorination  to  its  end.  The  object  is  now  to 
convert  the  metallic  gold  into  a  soluble  chloride,  and  then  to 
wash  it  out  from  the  ore,  and  precipitate  it  again  in  its  metallic 
form  by  means  of  sulphate  of  iron  or  some  other  precipitant- 
There  are  many  processes  for  effecting  this,  but  periiaps  the 
one  known  'as  the  '  Newbery- Vautin '  is  the  one  which  hitherto 
has  been  the  mo.st  successful  from  a  commercial  point  of  view, 
and  has  given  most  satisfactory  results,  notably  at  the  Great 
Mount  Morgan  Mine  in  Queensland,  Ballarat,  Sandhurst 
Gold  Fields,  and  other  places  in  different  parts  of  the  world. 

The  plant  required  for  the  chlorination  of  the  ores  after 
roasting  is  simple  in  its  construction,  requires  but  little  power, 
and  its  working  will  be  understood  by  reference  to  fig.  138c. 

The  processes  already  described  having  been  gone  through, 
the  roasted  ore,  which  should  be  crushed  to  such  a  state  as  to 
pass  through  a  3o-mesh  sieve,  is  delivered  into  the  chlorinating 
mill  by  the  truck  b  on  the  tramway  a,  and  discharged  llirough 
the  hopper  c  into  the  chlorinating  barrel  E.  Five  to  ten  per 
cent,  of  water  is  then  added,  with  one  per  cent,  of  chloride  of 
lime  and  the  same  quantity  of  a  special  new  reagent ;   the 

'  Worked  by  the  Newbery- Vaul in  (Palcnis)  Gold  Exttoclion  Co., 
Limited,  of  43  Old  Broad  Street,  London.  E.G. 
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cover  is  then  secured,  and  the  chlorination  set  in  motion  unti 
the  gold  is  transformed  into  chloride  of  gold  and  has  beec 
dissolved. 

The  solution  of  gold  is  then  removed  either  by  upward  oi 
downward  leaching,  which  can  be  effected  by  giavitatioii  oj 
the  use  of  a  pump,  into  the  tank  h,  and  then  from  there  by  tht 
pump  F  into  the  tank  l ;  or,  in  order  to  facilitate  the  leaching 
the  pipe  connected  with  the  chlorinator  can  be  connected  di- 
rect with  the  pump.  Another  method  of  filtraiion  is  by  ad- 
mitting  water  under  pressure  at  the  top  of  the  chlorinator  wher 
closed,  and  forcing  the  solution  through  the  filtering  mediiitt 
contained  in  the  bottom  of  the  vessel  and  into  the  tank  U 
from  which  it  can  be  pumped  up  into  the  tank  i. 

The  solution  in  the  tank  i,  which  contains  the  gold  in  tht 
state  of  chloride,  is  allowed  to  run  by  gravitation  through  lh( 
precipitating  vessels  k,  where  the  chloride  is  decomposed  ant 
the  metallic  gold  deposited. 

Care  must,  of  course,  be  taken  to  thorougnly  wash  out  tht 
soluble  gold  contained  in  the  chlorinator,  after  which  it  is  in 
verted,  the  lid  l  opened,  and  the  contents  discharged  into  thi 
truck  M  and  removed  to  the  waste  heap.  The  process  is  thui 
rendered  as  automatic  as  possible,  and  with  ordinary  care  th< 
loss  is  reduced  to  a  minimum. 

Early  in  1S90,  I  had  occasion  to  make  a  trial  of  this  pro 
cess  upon  a  sample  of  refractory  ore  from  Norway,  with  lh< 
following  results,  which  will  be  found  interesting.  The  on 
weighed  4  tons  lo  cwt.,  and  consi.sted  of  quartz  containinj 
calctte  and  iron  pyrites,  assaying  before  treatraejit  i  oz.  8  dwts 
of  gold  per  ton  of  2240  lbs.,  partly  in  a  free  slate  and  paitli 
associated  with  iron  pyrites.  The  ore  was  crushed,  roasted 
and  chlorinated  on  the  Newbery-Vautin  system,  and  the  tola 
gold  obtained  was  5  OiS.  j8  dwts.,  or  equal  to  i  oz.  6  dwts 
per  ton  of'ore. 
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CHAPTER  XXXVIIl. 

ON  THE  DRESSING  OF  METALLIC  ORES-^ConHmud. 

Jigging  —The  Different  Specific  Gravity  of  Difierent  Mineral  Substances^ 
a  reason  why  they  can  be  mechanically  separated— Table  of  Rates 
at  which  various  Substances  fall  through  Water — Introduction  of  Hand 
Jigging— Mechanical  Jigging — Principleof  Jigging— Jigs  with  Movable 
Sieves— Jigs  with  Fixed  Sieves— Self-acting  Continuous  Ore  Dressing 
Machinery — Green's— Buddies— Linkenbach  Table — Percussion  Table 
—Modem  Concentrating  Mill— Slime  Pits— Tozing— Dressing  Tin, 
Copper,  Silver,  Gold— Methods  pursued  in  Brazil  and  in  Victoria. 

Jigging. — It  will  have  been  observed  that  the  various  metallic 
and  non-metallic  substances  noticed  in  these  pages  are  of 
diflferent  specific  gravities ;  and  it  is  this  fact  which  is  taken 
advantage  of  and  utilised  in  cleansing  and  separating  the  metal- 
lic ores  after  they  leave  the  stamps  or  grinding  pans  and  mills. 
Being  of  different  weights  compared  witli  an  equal  bulk  of 
water  each  metallic  ore  takes  a  different  portion  of  time  in 
falling  through  a  given  space  of  water.  The  following  German 
table  of  these  velocities^  given  by  Dr.  Raymond,'  will  illustrate 
this  difference : 

Table  showing  the  Distance  in  Prussian  Inches  that  SPHman 
OF  various  sizes  of  different  substances  will  fall  through 
Water  in  one  Second  of  Time  : 


Diameter  in 

Gold 

Galena 

Blende 

-1 

Qiiaru 

lines 

spec  gniT.  xQ'a 

»pec.  RTav.  7*5 

spec.  gn&T.  4 

spec.  gnv.  9*6  ' 

8 

100 

60093 

40*825 

29*814 

5657 

84*090 

50*532 

34-329 

25-07^ 

4 

707 II 

42492 

28*868 

21-082 

2828 

59-460 

35731 

24-275 

17-728 

2 

50 

30046 

20*412 

14*907 

1-414 

42-045 

25*266 

17*165 

12-535 

I 

35335 

21-246 

14-434 

10541 

>  Minmg  Statisius  of  the  West. 
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Now,  taking  galena,  as  in  the  last  cliapter,  to  start  vith,  ' 
we  see  that  it  is  half  as  heavy  again  as  blende,  and  as  heavy  , 
again  as  quartz,  its  two  chief  associates.  The  earliest  attempts 
to  utilise  this  difference  in  weight  was  by  hand  jigging,  which, 
by  means  of  a  sieve  in  which  the  combined  ores  were  shaken 
up  and  down  in  water  antil  the  lead  took  the  lowest,  the  blende 
[he  middle,  and  the  sand  and  clay  the  uppermost  place,  SMina  i 
to  have  been  first  practised  in  Bohemia  in  1519.  After  this 
the  sieve  was  attached  to  a  frame,  and  the  shaking  done  by 
boys  or  girls  by  means  of  a  lever  handle,  both  plans  being  still 
in  operation.  Between  1840  and  1850  the  plan  was  adopted 
of  attaching  four  or  five  of    the  movable  sieves  to  a  shaft 


turned  by  a  water  wheel,  in  the  manner  shown  in  fig.  139, 
A  being  an  eccentric  turning  on  a  shaft,  b  the  sieve  con- 
taiiitng  the  ore,  c  a  box  or  hutch  containing  water.  At 
every  revolution  of  the  shaft,  therefore,  the  sieve  b  would  be 
shaken  up  and  down  in  the  water,  which,  passing  through  the 
sieve,  would  gradually  sort  the  materials,  the  lead  occupying  the 
lowest  place  as  before  described. 

More  recently  the  fixed  or  stationary  sieve,  as  shown  in  fig. 
140,  was  adopted,  a,  the  eccentric  on  shaft,  b  the  sieve  con- 
taining ore  in  box  or  hutch  c,  and  d,  the  plunger,  which  is 
worked  up  and  down  at  every  turn  of  the  shaft,  and  in  so  doing 
forces  the  water  in  the  box  c  up  through  the  ore,  by  which 
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means  the  ore  is  washed  and  arranged  in  the  manner  abready 
described.  This  fixed  sieve  seems  to  have  been  first  intro- 
duced into  Hungary  in  the  year  1828,  and  into  Cornwall  by 
Captain  Petherwick  in  1832.  These  two  processes  form  the 
base  or  principle  on  which  all  subsequent  elaborate  jigging 
machines  and  processes  are  founded. 

It  should  be  explained  that  a  layer  of  clean  ore  of  a  larger 
size  than  the  mesh  of  the  sieve  is  placed  at  the  bottom  of  the 
sieve,  and  through  this,  in  the  process  of  jigging,  all  the  ore  of 
a  smaller  size  than  the  mesh  of  the  sieve  finds  its  way  into  the 
hutch  below,  fix)m  whence  it  is  taken  at  the  doors  or  valves  s  s. 
When  the  sieves  and  hutches  are  placed  in  a  row,  each  one  is 
finer  than  the  last,  until  at  last  only  very  fine  tailings  or  wash 
flows  off  to  the  next  process. 

The  next  step  in  advance  was  to  make  all  the  operations 
fi-om  the  crusher  or  stamps  self-acting,  so  as  to  save  time  and 
cost  of  labour.  A  process  by  which  this  might  be  accomplished 
seems  to  have  been  invented  simultaneously  by  two  Germans, 
Vogel  of  Joachimsthal,  and  Wimmes  of  Clausthali  in  the  year 
1850.  This  object  has  now  been  accomplished  to  great  per- 
fection. A  variety  of  very  ingenious  and  complicated  processes 
are  adopted  at  the  mines  of  the  Hartz  ^  and  Erzgebirge,  and 
perhaps  one  of  the  best  examples  of  this  continuous  process 
may  be  seen  at  the  Van  Mines  in  Montgomer3rshire. 

In  this  country  Mr.  George  Green,  of  Abeiystwith,  has  paid 
great  attention  to  the  whole  question  of  the  dressing  of  ores, 
and  figs.  i4r,  142,  and  143  represent  his  patent  Self-Acting 
Dressing  Machinery,  and  they  will  serve  as  an  illustrative  ex- 
ample of  this  class  of  ore-dressing  machinery. 

In  fig.  r4i,  A  is  the  crushing  mill,  with  rollers  26  inches  in 
diameter,  into  which  the  ore  stuff  to  be  treated  is  put.  When 
these  rollers  are  started,  the  whole  of  the  machinery  is  set  in 
motion,  and  the  work  goes  on  regularly  without  hand-dressing. 
B  is  a  revolving  classifier  which  receives  the  crushed  stuff  fix)m 
the  rollers.    The  perforations  in  this  classifier  have  their  size 

'  For  elaborate  descriptions  and  illostratioot  see 
vtg  yournal  of  New  York,  1878. 
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peribnted  plates  all  the  slimes  and  particles  which  are  finer  dun 
the  holes — thus  all  that  passes  through  the  perforated  plate  of  one 
classiiyiDg  trommel  is  discharged  into  the  next  in  succession, 
whilst  a  sijed  product  is  discha^ed  at  the  end  of  each  into  iron 
troughs  or  shoots,  c,  d,  e,  which  convey  it  into  a  jigging  machine 
to  suit  In  succession,  then,  each  classifying  trommel  discharges 
a  sized  product  entirely  free  from  slime,  and  out  of  the  trough 
(f)  surrounding  the  last,  all  the  slime  and  finer  particles  are 
dischai^ied  into  a  founder,  which  carries  them  to  be  treated 


apart  from  the  rougher  ores  in  F,  c,  K,  I,  k,  which  are  five  patent 
saddle-back  classifiers  and  feeder,  and  which  are  made  with 
inclined  sides  meeting  in  an  inverted  pyramidal  point  at  the  bot- 
tom. A  current  of  water  with  the  slimes,  &c.,  delivered  by  the  hut 
riddle  in  suspension,  Sows  into  a  classifier  at  one  end,  deposits 
some  of  its  suspended  matter,  and  flows  off  at  the  other  end 
into  a  second  classifier,  and  then  onwards  to  the  othcri  These 
classifiers  are  of  graduated  sizes,  the  first  in  order  being  the 
smallest,  and  the  current  flows  through  them  at  different  veloci- 
tKs— so  that  in  the  first  and  smallest,  the  current  bein^  the 
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strongest,  the  largest  particles  are  deposited,  and  smaller  or 
in  the  next,  and  so  on.  The  smaller  classifiers  are  proWd 
with  water  pipes  attached  at  t 
bottom  to  deliver  a  spray 
clean  water  at  a  head  of  1 5  or 
feet  pressure,  and  sufficient 
volunae  to  carry  forward  the  de 
slimes  to  the  last  and  largest  ct 
sitter,  where  the  current  is  vi 
slow  and  weak,  and  which  has 
I  pes  i,onnecled  for  clean  watei 
the  current  being  almost  stagiu 
in  Uiis ;  all  ore  worth  saving 
sure  to  deposit  itselt  The  cl, 
sifted  stuff  from  f,  g,  h,  is  ( 
hvered  by  the  troughs^  g,  h,  it 
ihe  Jiggers  f,  «,  h,  and  the  st 
from  1  and  k  through  troughs  i, 
L  ito  either  buddies  or  trunks, 
Fio.  M).-Ei.'»|>T|^n..  OK  ji«.Ki.i  c,  D,  E,  G,  H,  are  six  of  Davit 

Patent  Three  Compartment  J 
gers,  which  receive  the  classified  stuff  delivered  by  the  das 
fiers  as  explained  above,  'i'lie  jigger  comprises  a  horizon 
hutch,  constructed  of  wood  or  iron,  which  is  divided  into  ti 
three,  four,  or  more  compartments,  by  transverse  ends  a 
partitions.  A  vertical  partition  e.ttends  along  the  upper  p 
of  the  compartments ;  and  on  one  side  thereof  there  are  a 
of  plunges  or  pistons  to  produce  the  jigging  motion  of  1 
water,  whilst  a  series  of  sieves  are  placed  on  the  other  sii 
On  the  top  of  the  partitions  there  are  fixed  a  number  of  sti 
dards  to  carry  a  longitudinal  shaft  on  which  the  eccentrics  ; 
fixed,  and  which  buing  connected  by  rods  to  the  plungers  j 
tiie  water  in  motion.  The  separation  is  effected  ty  the  jiggi 
action  of  the  water  with  which  the  hutch  is  filled,  and  whi 
is  made  to  work  up  and  down  through  the  sieves  by  1 
plungers.  A  layer  of  ore  is  put  on  the  sieves,  which  has  1 
efiect  of  allowing  particles  of  the  same  specific  gravity  as  it: 
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to  pass  through,  whilst  it  keeps  back  any  paitides  of  leu 
specific  gravity,  which  last  are  gradually  washed  over  the  end 
from  each  compartment  to  the  next  lower  one — the  light  waste 
from  the  last  compartment  finally  passing  away,  A  suitable 
appliance  for  regulating  the  stroke  of  each  plunger  is  attached. 

Buddies,  or  other  effident  slime  machines,  are  attached  to 
the  larger  classifiers,  and  the  stuff  flowing  in  a  perfectly  even 
current  from  the  bottom  of  such  classifiers  on  to  each  separate 
buddle,  makes  them  quite  self-acting,  and  of  course  more  effec- 
tive; All  the  labour  required  is  to  raise  the  deposited  ore  out 
of  the  jigger  receiving  box,  and  off  the  beds  or  buddies,  to 
make  room  for  other  deposits.  The  finest  or  dead  slimes  are 
worked  by  an  ordinary  paddle  trunk.  The  whole  is  complete 
and  continuous,  and  worked  with- 
out labour  from  the  roughest  prills 
to  the  finest  slimes — each  distinct 
size  having  a  machine  suited  in 
speed  and  action  for  its  treatment. 
A  good  many  of  these  machines 
are  now  working  successfiilly  in 
this  and  foreign  countries.  At  _ 
some  mines,  in  addition  to  the  ~ 
jiggers,  a  rotating  buddle  or 
jigger,  of  which  a  section  is  given  in  fig.  144,  is  used  for  sepa- 
rating the  larger  ore.  The  ore  is  supplied  with  a  plentiful 
stream  of  water  at  a  ;  it  tries  to  fall  down  the  concave  slope 
B,  but  is  thrown  back  repeatedly  by  plates  placed  diagonally 
on  a  revolving  light  framework  cylinder  c.  The  h%ht  earthy 
matter  escapes  into  the  trough  d,  and  is  taken  away  for  further 
treatment  The  la^er  ore,  cleaned  as  it  travels,  is  carried  along 
the  buddle  for  about  8  or  10  feet,  and  is  thrown  out  in  a  clean 
state  at  the  other  end. 

Buddies  and  huddling. — The  slime  that  flows  away  from 
the  processes  just  described  has  to  be  further  treated  by  hud- 
dling. An  ordinaiy  buddle  is  a  circulai  hole  or  framework  let 
in  the  ground,  as  shown  in  fig.  145. 

The  slimes  from  the  mill  arrive  by  the  trough  leading  to 
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ihe  centre  of  the  huddle,  and,  falling  in  a  thin  regular  layer 
over  the  conical  head,  deposit  first  the  rich  heavy  lead,  then  the 
blende,  if  there  is  any  in  the  slimes,  afterwards  a  low  percent- 
age mixed  mineral,  and  Anally  the  stetiles,  which  contain  little 
or  no  metal,  and  which  occupy  the  outer  ring  furthest  from  the 
centre.  The  layers  accumulate,  and  when  the  buddle  is  full  the 
mineral  is  removed  and  ihe  steriles  thrown  on  the  waste  heap, 
while  the  '  middlings '  are  sent  back  for  re-treatment  The 
speed  at  which  the  arms  carrying  the  revolving  brushes  turn  is 
between  two  and  four  revolutions  per  minute,  and  the  capacity 
of  a  buddle  of  i8  feet  diameter  is  about  15  tons  per  14  hours. 


ihis  type  of  buddle '  is  capable  of  doing  good  work,  but 
the  extra  labour,  and  the  stoppage  of  the  machine  involved  by 
the  necessity  of  cleaning  it  out  as  soon  as  it  is  fully  charged, 
have  led  to  its  being  superseded  in  recently  erected  mills  by 
automatic  machines  having  a  continuous  delivery  of  finishetl 
products.  Of  these,  the  most  perfect  machine,  and  one  with 
which  I  have  had  long  and  personal  experience,  is  that  known 
as  the  'Linlcenbach  Table,' of  which  fig.  14SA  isa  sketch  taken 
ftom  a  photograph,  and  figs.  145B  and  1450  are  drawings  in  plan 
and  section. 

■  Note  by  E.  H.  D.,  lo  end  ofchapler. 
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The  table  itself  is  made  of  concrete  faced  with  cement,  and 
can  be  of  any  diameter  up  to  ten  or  twelve  yards,  according  to 
the  fineness  of  the  slimes  to  be  treated,  and  the  slope  is  also 
vaned  to  suit  the  class  of  ore,  but  is  generally  about  i  in  12. 


The  slimes  arrive  from  the  classifier  by  means  of  the  pipe 
N  of  dg.  145B,  which  is  made  to  pass  through  an  underground 
passage  to  the  inside  of  the  revolving  head  p.  The  passage  is 
also  used  in  order  to  reach  and  oil  the  bearing  of  the  shaf^ 
B,  which  carries  the  revolving  framework  k,  h,  d,  d. 

The  slimes  flow  from  the  head  in  front  of  the  arm  d,  on  the 
plan  145c,  and  spread  over  that  section  of  the  table.  The 
waste  flows  off  the  table,  and  is  caught  in  one  of  the  sections  of 
the  revolving  trough  y,  and  by  means  of  a  pipe  flows  into  one 
of  the  concentric  cement  channels  g,  and  thence  into  the 
settling-pit  Q*.  The  mixed  products,  with  the  zinc  and  lead 
left  on  the  table,  are  caught  and  wa^ed  off,  first  by  the  spray 
R  and  then  by  the  jets  s,  and  falhng  into  their  respective 
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sections  of  the  revolving  trough  f,  and  thence  into  the  fixed 
channels,  are  led  into  the  settling-pits  q'  and  Q^.  Lastly, 
the  heavy  lead  ore  left  on  the  table  is  swept  off  by  the  five 
strong  jets  of  water  e,  and  finds  its  way  into  the  pit  Q*,  where 
it  is  deposited.  In  the  meantime  fresh  slimes  are  continually 
flowing  on  and  being  classified  by  the  revolving  arms,  so  that 
the  whole  process  is  continuous.  The  quality  of  the  products 
is  varied  by  the  amount  of  water  supplied  to  the  jets  through 
the  hollow  shaft  b  and  the  pipe  c,  leading  from  a  fixed  clean 
water  reservoir. 

The  case  q*  will  contain  mineral  with  over  50  percent 
lead ;  the  case  q>  will  contain  the  zinc  blende,  if  there  is  any, 
in  a  marketable  form ;  in  q3  there  will  be  a  low-grade  mixed 
mineral,  and  Q*  will  contain  the  steriles  with  less  than  i  per 
cent.  lead.  When  there  is  no  zinc  present,  the  contents  of  Q* 
may  be  enriched  in  a  tossing-tub,  or  mixed  with  those  of  QS 
and  treated  on  a  percussion-table. 


Fio.  MSD-— 'CiLT  Edge 

The  ordinary  form  of  percussion -table  differs  from  that 
shown  in  fig.  1450.  In  that  the  rich  ore  is  allowed  to  accu- 
mulate at  the  top  end  of  the  table,  and  the  machine  has  to  be 
stopped  for  its  removal,  whereas  in  the  American  machine 
shown  in  the  illustration  the  rich  mineral  as  it  collects  bUs 
over  the  top  edge  of  the  table  into  suiuble  cases,  as  does  the 
sterile  at  the  opposite  end.    This  is  a  great  improvement,  and 
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enables  the  machine  to  be  fed  continuously  for  any  length  of 
time  without  stoppage  for  clearing. 

Lead  ores  containing  no  silver  can  be  dressed  up  to  a  high 
percentage  of,  say,  70  per  cent  Pb,  but  when  silver  is  present 
in  any  considerable  quantity  it  is  often  advisable  not  to  push 
the  concentration  beyond,  say,  50  per  cent.  Pb,  owing  to  the 
loss  of  silver  which  is  certain  to  occur,  and  which  often  is 
greater  than  the  gain  in  value  from  the  increased  percentage 
of  lead.  The  point  at  which  the  concentrauon  should  be 
stopped  can  only  be  decided  upon  by  experiment  and  assay 
of  the  ore  to  be  treated,  and  is  one  of  the  first  matters  to 
be  determined  when  a  new  mill  is  started,  as  it  affects  veiy 
seriously  the  all-important  question  of  working  to  a  loss  or 
a  profit,  and  so  requires  most  careful  investigation. 

Subjoined  is  a  description  of  a  large  lead  ore  concentrating 
or  dressing  mill,  lately  erected  at  the  Arrayanes  mine,  near 
Linares,  Sj^in,  by  the  Humboldt  Company,  of  Kallc,  near 
Cologne,  and  combines  in  itself  all  the  most  modern  appliances 
for  lead  ore  dressing  upon  a  large  scale. 

The  mill  is  capiable  of  crushing  and  concentrating  500  tons 
of  lead  ore  in  ten  hours,  and,  in  order  to  utilise  the  natural  fall 
of  the  ground,  is  constructed  on  a  series  of  terraces,  which 
divide  it  into  four  departments,  the  ore  passing  by  gravity  from 
the  highest  to  the  lowest. 

As  the  ore  arrives  from  the  mine  it  is  tipped  into  four  cone- 
shaped  masonry  bins,  shown  at  the  right  hand  side  of  the  plan 
(fig.  14SE.  see  plate),  and  of  the  longitudinal  section  of  the 
mill  A  fi  (fig.  145F,  see  plate),  and  from  these  passes  over  four 
grates  or  grwlies,  which  at  the  same  time  serve  as  picking 
tables,  upon  which  are  picked  out  the  lumps  of  pure  galena, 
lumps  of  sterile,  and  a  mixed  product. 

The  holes  in  the  picking  tables  are  30  mm.  square,  and 
the  ore  which  passes  through  these  is  first  classified  by  two 
series  of  trommels,  and  then  enriched  in  the  sixteen  jiggers  of 
Department  I.,  shown  on  the  plan,  and  in  the  section  g — k. 

The  mixed  products  from  the  picking  tables  and  jiggers  of 
Department  I.  are  conducted  to  Department  IL,  and  ttw 
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The  process  of  jigging  is  dispensed  with  for  the  most  part 
in  the  treatment  of  tin  ore,  for,  being  powdered  very  fine,  it 
flows  at  once  to  conical  buddies  like  those  just  described.  It 
is  further  treated  sometimes  in  a  concave  buddle,  known  as 
Borlases,  where  the  heavy  tin  ore  accumulates  in  the  centre.  It 
is  also  treated  in  sloping  pits  and  in  tubs  by  tozing,  as  already 
described,  frequently  by  roasting  in  addition,  to  drive  off  sul- 
phur, until,  as  black  tin,  it  is  fit  for  the  smelter.  In  1877, 
14,142  tons  of  dressed  ore  produced  9,500  tons  of  metallic  tin, 
and  a  similar  proportion  has  prevailed  since  the  year  1872,  so 
that  we  may  regard  100  lbs.  of  tin  ore  as  equivalent  to  70  lbs. 
of  block  tin. 

Although  silver  occurs  for  the  most  part  as  a  chemically 
associated  metal,  the  difficulty  of  smelting  locally  has  to  be 
met  by  less  perfect  but  cheaper  processes.  Fig.  146  represents 
a  stamp-mill  for  the  dry  crushing,  roasting,  and  treatment  of 
base  silver  ores  by  amalgamation,  and  is  taken  from  a  drawing 
supplied  by  Messrs.  Fraser  &  Chalmers,  of  Chicago. 

Free  silver  ores — that  is  to  say,  silver  occurring  as  glance, 
chlorides,  bromides,  iodides,  and  native  silver,  and  other  less 
known  but  equally  unstable  minerals— are  treated  in  the  same 
way,  by  amalgamation  with  mercury  in  pans,  with  the  assistance 
of  heat  and  a  small  proportion  of  chemicals,  without,  however, 
roasting  the  salt,  and  consequently  without  the  necessity  of  the 
more  expensive  dry  crushing. 

On  ores  containing  silver  both  as  '  free '  and  '  base '  in  the 
same  ore,  when  the  grade  of  the  ore  is  not  too  high,  the  wet 
crushing  and  free  milling  process  is  adopted,  with  the  intro- 
duction of  fine  concentrating  machinery  between  the  stamps 
and  the  amalgamating  pans.  This  combined  process  of 
amalgamating  and  concentrating  has  the  advantage  in  some 
cases  over  dry  crushing  and  roasting,  where  the  silver  occurs  as 
in  tctrahedrite  (grey  copper  ore),  and  some  antimonial  and 
arsenical  compounds  where  the  loss  in  the  roasting  furnaces 
through  volatisation  is  very  great 

Referring  now  to  the  section  of  a  20-stamp  dry  crushing 
silver  mill,  fig.  146,  and  the  plan  of  the  same,  fig.  146A,  the 
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ore,  as  it  arrives  from  the  mine,  is  tipped  over  a  screen  or 
grizzly  into  the  rock-breakers,  and  is  then  dried  by  passing 
continuously  through  the  revolving  dryer  shown  beneath  the 
rock-breakers.  The  dried  ore  is  then  conveyed,  either  in 
trucks  or  falls,  down  iron-lined  shoots  into  the  automatic 
feeders,  which  feed  the  stamps  while  the  ore  is  still  hot.  The 
pulverised  product  from  the  stamps  is  conveyed  by  screw  con- 
veyors to  the  elevator  shown  on  the  right,  by  which  it  is 
carried  to  the  iron  storage  hopper  above,  and  from  thence  it  is 
taken  by  another  screw  conveyor  to  the  roasting  furnace  in  the 
fiimace-room.  Salt  is  now  added,  and  the  ore  is  then  desul- 
phurised and  chloridised  in  the  furnace,  and  is  so  prepared  for 
the  amalgamating  pans  and  settlers,  to  which  it  is  taken  after 
having  first  been  cooled.  The  amalgamating  machines  are 
shown  on  the  right-hand  lower  side  of  the  section  in  fig.  146, 
with  the  retort-room  still  further  to  the  right  The  action  of 
the  mercury  upon  the  silver  in  the  ore  when  in  the  amalga- 
mating machines  is  similar  to  its  action  upon  gold,  as  is 
described  upon  page  392,  the  silver  particles  in  the  ore  being 
absorbed  by  or  amalgamated  with  the  mercury,  from  which 
they  are  afterwards  separated  by  means  of  distillation,  the 
mercury  being  driven  off  and  condensed  for  futtu*e  use,  leaving 
the  silver  residue,  which  is  melted  down  into  bullion. 

Silver  is,  for  ^e  most  part,  as  we  have  seen,  a  chemically 
associated  metal,  and  it  is  not  often  that  the  whole  proportion 
of  silver  in  its  ores  can  be  extracted  without  passing  them 
through  the  smelting-house.  Fig.  146,  adapted  from  Dr. 
Raymond's  book,  is  the  representation  of  an  ordinary  silver- 
dressing  mill  in  Western  North  America. 

The  last  reference  shows  that  mercury  is  used  to  some 
extent  to  separate  the  silver. 

Gold} — As  finely-purverised  ore  containing  gold  flows 
through  the  fine  gratings  from  the  stamps,  many  processes  are 
used  in  order  to  intercept  the  precious  metal,  the  principle  of 
which  may  be  summarised  in  the  order  followed,  thus  :— 
I.  Gently  sloping  troughs,  across  which  are  nailed  thinboards, 

*  See  also  <  Amalgamation,'  p.  392. 

E  B 
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or  riffles,  which  intercept  the  heavier  particles  of  gold.  2.  Hides 
with  the  rough  hair  upwards,  which  still  further  arrest  the  grains 
of  gold,  as  the  grass  formerly  did  before  mining  began.  3-. 
Rough  blankets,  spun  on  purpose,  of  a  hairy  kind,  which  inter- 
cept the  finest  grains.  The  natives  of  Aruba  Island,  one  of 
the  Leeward  Islands  in  the  Caribbean  Sea,  pour  the  water  con- 
taining the  gold  upon  the  woolly  head  of  one  or  more  of  their 
number,  which  is  a  very  effectual  means  of  arresting  the  gold. 
The  two  last  of  the  foregoing  processes  are  assisted  by  the  use 
of  mercury,  between  which  and  gold  there  is  a  great  affinity. 
This  is  spread  on  the  hides  and  blankets,  or  upon  copper  plates 
laid  in  the  troughs,  or  poured  in  with  water  flowing  from  the 
stamps,  when  the  grains  and  particles  of  gold  and  it  coalesce 
and  form  an  amalgam,  from  which  the  mercury  is  afterwards 
separated,  to  be  used  over  again.  The  details  of  the  ordinary 
process  followed  at  St.  John  del  Rey  Mines  in  Brazil  may  be 
briefly  stated  thus.  The  pulverised  ore  and  water  running  from 
the  grates  near  the  stamps  is  further  diluted  with  clean  water, 
and  is  conducted  over  slightly  inclined  tables  or  *  strakes,'  which 
are  from  27  to  35  feet  long  and  an  average  of  i  foot  6  inches 
wide,  with  a  fall  of  one  inch  in  a  foot.  Bullocks'  hides,  tanned 
with  the  hair  on,  are  spread  over  the  first  sixteen  feet  of  the 
strakes,  and  baize  cloths  are  placed  below,  followed  below  by 
another  series  of  overlapping  skins.  These  skins  and  lengths 
of  baize  are  washed  at  regular  intervals  in  separate  tanks,  and 
the  product  amounts  to  0*42  of  a  cubic  foot  per  ton.  This  sand 
goes  to  the  amalgamating  house.  The  sand  from  the  middle 
strakes  contains  some  6  ounces  of  gold  per  ton,  and  is  further 
enriched  by  being  washed  over  another  system  of  strakes.  The 
products  of  the  lowest  skins  are  called  *  tail  sand,'  and  they  are 
treated  over  again. 

At  Mount  Egerton,  in  Victoria,  the  powdered  ore  is  washed 
into  lockers,  where  it  is  received  on  trays  placed  one  over  the 
other,  which  have  perforated  sides,  and  contain  quicksilver 
in  the  bottom.  The  loose  gold  is  quickly  acted  upon  by  the 
mercury,  and  an  amalgam  is  formed  ;  the  water  carrying  away 
the  sand,  which  flows  over  inclined  planes  or  *  strakes '  covered 
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with  blankets  containing  quicksilver.  On  these  part  of  the 
remaining  gold  is  caught  But  out  of  the  tailings  the  Chinese, 
by  repeated  washings,  contrive  to  earn  wages  reaching  often 
as  high  as  lo/.  a  week.  At  St.  John  del  Rey,  too,  a  good  pro- 
portion of  gold  is  lost,  and  the  same  is  true  at  most  gold  mines. 
Stilly  if  the  Chinese,  by  painstaking,  make  money  out  of  the 
tailings,  the  white  men  ought  to  do  so  also. 

The  details  of  the  processes  employed  vary  in  different  parts 
of  the  world,  but  the  principles  on  which  they  proceed  are  the 
same  everywhere. 

Fig.  146B  shows  in  section  and  plan  a  modem  gold  stamp- 
mill,  taken  from  a  drawing  by  Messrs.  Eraser  &  Chalmers. 
The  ore  is  first  tipped  on  to  a  grizzly,  or  screen,  which  is  so 
arranged  as  to  discharge  the  coarse  ore  into  the  crusher,  and 
to  allow  the  fine  to  pass  direct  into  the  hoppers.  The  rock 
breaker  or  crusher  breaks  the  ore  into  sizes  not  larger  than  a 
hen's  egg,  and  it  then  falls  into  the  hopper  below,  from  whence 
it  is  delivered  by  an  automatic  feeder  to  the  stamps.  One 
side  of  the  mortar  into  which  the  stamps  drop  is  provided 
with  a  fine  screen,  which  discharges  on  to  the  amalgamated 
copper  plate  immediately  below.  With  perfectly  free-milling 
gold  ores — that  is  to  say,  with  ores  in  which  the  gold  occurs 
unassociated  with  pyrites  or  other  minerals — ^the  only  treatment 
required  is  that  by  amalgamation  inside  the  mortars  and  on 
the  copper  plates  outside  the  screens,  from  whence  the  ore  runs 
to  waste. 

The  stamp-mill  shown  in  fig.  146B  is  provided  with  con- 
centrators, in  addition  to  the  copper  plates,  for  collecting  the 
iron  pyrites  and  other  minerals  which  may  be  present  in  the 
ore,  and  with  which  the  gold  is  intimately  associated.  When 
the  gold  is  in  a  perfectly  free  state  the  amalgamation  process 
is  a  complete  one  in  itself,  and  all  that  it  is  necessary  to  do  is 
to  retort  the  amalgam.  The  mineral,  however,  which  is  col- 
lected by  the  concentrators,  when  these  are  necessary,  must 
either  be  treated  on  the  spot  by  chlorination  or  other  means, 
or  shipped  direct  to  the  smelters,  according  to  its  value  and 
the  local  conditions. 
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CHAPTER  XXXIX, 

HYDRAULIC  GOLD  MINING. 

rhc  Pan— Cradle — Long  Tom — Broad  Tom — Artificial  Sluice — Natural 
Sluice — Top  unproductive  Drift — Mining — Hydraulic  Excavation — 
Runs — Cleaning  up,  &c. 

This  is  the  name  now  given  to  the  various  processes  by  which 
gold  is  sought  for  in  the  superficial  alluvial  drifts. 

The  Pan, — The  earliest  adventurers  used  simple  pans  or 
shallow  dishes,  in  which  the  auriferous  drift  was  washed  by 
hand.  Pans  are  still  used  by  adventurers  and  prospectors  in 
new  gold  fields.  They  are  nicely  turned  wood  bowls,  or  pans 
of  copper  or  brass,  about  i6  inches  diameter  and  nearly  2 
inches  deep  in  the  middle.  By  careful  manipulation  the  grains 
of  gold  collect  in  the  deepest  part  of  the  pan,  where  they  are  of 
course  secured. 

The  Cradle, — Following  the  pan  came  the  *  cradle,'  which 
was  a  wooden  box,  about  3  feet  6  inches  long  and  i  foot  6 
inches  wide.  It  was  placed  in  a  sloping  position,  and  fixed 
upon  rockers.  It  had  also  a  movable  hopper  and  slides. 
The  gravel  was  well  shaken  and  washed  in  this,  the  contained 
gold  being  secured  in  the  lower  part  of  the  cradle. 

The  Tom, — Following  the  'cradle'  came  the  *tom,'  which 
soon  became  divided  into  *long  toms'  and  *  broad  toms.'  The 
'  long  tom'  was  a  wooden  trough  or  box,  from  12  to  14  feet 
long  and  18  inches  wide.  It  had  a  grating  in  the  bottom,  at 
the  lowest  end,  when  the  tom  was  placed  in  a  gently  sloping 
position  for  use.  Underneath  this  grating  was  placed  another 
wooden  trough,  across  the  bottom  of  which  were  fixed  thin 
pieces  of  wood  or  rifiSes.    The  whole  apparatus  was  fixed  in  a 
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gently  sloping  position,  near  the  face  of  the  excavation,  over 
the  top  of  which  a  stream  of  water  was  conveyed  to  the  upper 
end  of  the  torn.  Into  the  upper  trough,  with  the  stream  of 
water  running  through  it,  the  auriferous  earth  was  shovelled, 
and  if  at  all  stiff  it  was  stirred  and  worked  by  a  man.  The 
grate  at  the  bottom  intercepted  the  larger  stones,  which  were 
removed.  The  smaller  stuff  containing  the  gold  fell  into  the 
lower  box,  along  which  the  lighter  earth  was  carried  off  by  the 
water,  the  gold,  from  its  greater  gravity,  being  intercepted  by 
and  resting  against  the  cross  bars  or  rifi9es. 

The  *  broad  tom,'  or  *  Victoria  Jenny  Lind,'  was  the  same  in 
principle,  but  was  made  only  about  half  the  length  of  the  '  long 
tom.'  It  was  also  made  only  1 2  inches  wide  at  the  upper  end, 
but  it  opened  out  to  a  width  of  3  feet  at  the  lower  end. 

TAe  Sluice, — Gradually,  and  almost  universally,  the  *  tom ' 
was  superseded  by  the  sluice,  which  is  of  two  kinds,  the 
natural  and  the  artificial.  The  natural  sluice  is  a  long  channel 
cut  in  the  floor  of  the  excavation,  having  a  slope  or  inclination 
wherever  possible,  of  only  one  in  forty  or  fifty.  The  bottom 
of  this  channel,  even  if  it  be  on  the  bed  rock  of  the  country, 
is  not  of  itself  hard  enough  to  stand  the  abrasion  of  the  water 
and  of  the  drifted  matter  running  over  it  It  is  therefore 
covered  with  boards  or  rough  planks,  or  it  is  paved  with  hard 
stones  with  the  grain  placed  vertically.  These  are  not  less 
than  20  lbs.  weight,  but  they  are  often  swept  away  by  the  force 
of  the  water.  Where  the  wash-earth  is  soft  and  loose  either  of 
the  two  first  basements  will  do ;  but  where  it  is  tough  and 
hard  the  pavement  of  stone  has  to  be  adopted. 

The  Artificial  Sluice  consists  of  a  series  of  troughs  about 
12  feet  long,  like  the  upper  trough  of  the  *long  tom.'  These 
are  made  of  rough  boards,  the  lower  end  being  made  smaller 
to  fit  into  the  end  of  the  next  trough,  and  at  the  lower  end  of 
each  trough  a  bar  or  grating  is  usually  placed  to  intercept  the 
coarser  stones  which  are  thrown  out  The  troughs  are  also 
often  provided  with  a  loose  bottom,  perforated  with  holes, 
through  which  the  gold  and  small  dust  sink  into  the  bottom  of 
the  trough. 
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These  troughs  are  fixed  ou  trestles  at  a  slope  of  one  in  forty 
or  fifty,  the  slope  depending  upon  the  quantity  of  water  avail 
able.     If  this  is  small  the  slope  must  be  greater,  but  if  the 
supply  of  water  is  plentiful  the  sluice  is  placed  as  slightly 
sloping  as  possible. 

In  sluices  of  both  kinds  the  auriferous  dirt  is  placed  at  the 
upper  end  of  the  sluice,  and  the  particles  of  gold  sink  in  the 
interstices  of  the  pavement  or  other  bottom  of  the  natural 
sluice,  and  on  the  lower  bottom,  or  against  cross  rif&es  in  the 
artificial  sluice.  The  gold  is  most  effectually  saved  where  the 
sluice  is  long  and  the  inclination  very  gentle.  The  ground 
sluice  requires  six  times  more  water  than  the  artificial  sluice, 
but  it  wants  less  manual  labour.  The  adoption  of  either  plan 
at  a  mine  depends,  therefore,  upon  the  relative  cost  of  water 
and  men  in  the  particular  district 

In  the  case  of  the  '  long  tom  *  and  the  artificial  sluice  the 
'wash-dirt'  has  to  be  lifted  into  the  upper  end  by  manual 
effort ;  but  where  ground  sluices  are  available  the  aid  of  water 
is  employed  in  the  process. 

The  auriferous  drift  is,  as  we  have  seen,  covered  with  a 
greater  or  less  depth  of  other  improductive  drift,  which  has  to 
be  got  rid  of.  In  Australia,  when  this  covering  is  only  10  feet 
thick  and  under,  it  is  removed,  and  thrown  on  one  side.  If  it 
is  between  10  and  30  feet  in  thickness,  and  it  is  of  a  hard  and 
compact  nature,  the  underlying  auriferous  drift  is  mined,  and 
the  top  left  standing.  When  the  top  drift  is  over  30  feet  thick, 
whatever  its  nature  the  underlying  gold  drift  is  generally 
mined. 

Supposing  the  gold  drift  to  be  worked  in  an  open  excava- 
tion it  is  worked  much  the  same  as  a  railway  cutting  is  carried 
forward.  Then  if  a  good  supply  of  water  is  available,  a  stream 
is  turned  on  to  the  earth  thus  obtained,  which  is  thus  washed 
into  the  ground  sluices  prepared  for  it.  If  the  process  of  ex- 
traction be  mining,  the  earth  is  similarly  placed  under  the 
influence  of  a  stream  of  water ;  and  this  remark  will  apply  to 
those  older  and  deeper  auriferous  drifts  which,  as  we  have 
seen,  figs,  30,  31,  and  32,  lie  under  tertiary  basaltic  deposita 


424     metallifekuus  minerals  and  mining. 

In  both  cases  the  rougher  stones  are  thrown  out  along  the 
coune  of  the  sluice. 

In  Australia,  where  the  bed  rock  under  the  auriferous  drift 
is  gmnite,  tin  otc  is  often  found  in  its  disintegrated  upper  por- 
tion, and  hence  sometimes  alluvial  tin  mining  becomes  the 


most  profitable  of  the  two.  The  fonns  of  the  grains  of  gold 
are  found  to  differ  according  to  the  nature  of  the  underlying 
rock.  If  it  is  slate  the  grains  are  cubical,  if  granite  they  are 
flat  [dates  and  scales. 
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Hydrauik  Excavation. — More  recently,  and  especially  in 
California,  water  has  been  employed,  instead  of  men  with  picks 
and  spades,  to  tear  down  the  face  of  the  excavation  before  it 
is  used  to  convey  the  drift  along  the  sluices.  We  thus  reach 
the  opposite  of  the  early  condition  of  alluvial  mining.     At 


first  the  drift  was  tarried  in  small  quantities  to  the  water,  now 
the  water  Is  brought  in  large  quantities  to  the  drift. 

Figs-  147  aiid  148  illustrate  these  two  opposite  conditions. 
Vig.  147  is  an  adapUtion  from  the  old  work  of  Maw,  on  his 
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'Travels  in  Brazil/  showing  the  primitive  way  of  washing  for  gold 
and  diamonds  by  the  slaves,  and  one  certainly  cannot  envy  the 
position  of  the  overseers.  Fig.  148  illustrates  the  ordinary 
method  of  modem  hydraulic  gold  mining.  In  the  latter  case 
the  water  is  often  brought  from  a  great  distance,  and  at  a  con- 
siderable expense,  in  pipes  or  '  flumes/  as  seen  in  the  right  hand 
comer  of  the  figure.  It  is  thrown  against  the  face  of  the  exca- 
vation from  a  nozzle,  which  is  of  various  kinds,  and  which  is 
attached  to  the  flume  by  a  flexible  hose.  The  force  of  the 
water  is  very  great,  and  the  gravel,  sand,  or  mud  bank  is  by  this 
means  easily  undermined  and  washed  away. 

This  method  of  mining  is  most  advantageous  where  the  face 
of  the  drift  is  from  30  to  60  feet  in  depth.  It  is  safe  also  for 
the  men,  who  are  in  no  danger,  as  in  the  work  of  ordinary 
excavating,  of  being  buried  under  the  falling  dkbris. 

In  this  case  the  overlying  unproductive  drift  is  not  first  re- 
moved, nor  has  mining  to  be  resorted  to,  but  the  whole  of  the 
drift  is  brought  down  and  passed  through  the  sluice. 

Hydraulic  mining  of  this  kind  is  not  so  applicable  to 
Australia,  because  of  the  usual  flatness  of  the  ground,  and  the 
consequent  difficulty  of  finding  fall  for  the  water.  Australian 
gold,  too,  is  more  flaky  and  light  than  Califomian,  so  that 
greater  care  and  skill  are  required  in  intercepting  it,  lest  it 
should  float  off  with  the  water. 

The  wooden  sluice  in  California  is  made  of  half-inch  boards 
rough  from  the  saw.  It  is  16  or  18  inches  wide,  and  it  never 
exceeds  5  feet  Its  fall  or  *■  grade '  is  from  8  to  18  inches  in  12 
feet  The  stream  of  water  is  usually  about  2  inches  deep  over 
the  bottom.  There  is  also  a  false  bottom,  as  in  the  *  long  torn,* 
which  is  perforated  with  holes,  and  under  this  is  the  true 
bottom,  on  which  are  wedged  riffles,  which  are  placed  some- 
times longitudinally,  with  the  pieces  across,  so  that  the  bottom 
is  divided  into  panels  or  compartments,  and  sometimes  diago- 
nally across  the  trough.  An  average  number  of  twelve  men  are 
employed  to  throw  the  wash  dirt  into  the  sluice,  and  each  man 
will  throw  in  from  2  to  5  cubic  yards  a  day. 

Run, — ^The  riffle  bars  soon  wear  out,  and  the  time  they  last 
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often  determines  the  length  of  the  *  run,'  or  period  during 
which  the  gold  is  allowed  to  accumulate  in  the  sluice,  otherwise 
the  '  run '  generally  lasts  from  six  to  ten  days. 

Cleaning  up, — At  the  end  of  these  periods  comes  the 
cleaning  up.  At  these  times,  which  last  from  half  a  day  to  a 
day,  the  men  cease  throwing  wash-dirt  into  the  sluice.  They 
take  up  the  riffle  bars  for  a  length  of  about  30  feet  The  water 
flows  on  and  washes  the  gold  to  the  top  of  the  remaining 
riffle  bars,  where,  any  dirt  remaining  having  been  washed  lower 
down,  the  gold  is  scooped  up  with  a  spoon  into  a  pan,  where 
it  is  finally  washed  and  separated.  Another  length  of  riffles  is 
then  taken  up,  and  the  process  is  repeated  until  the  whole  sluice 
is  cleared. 

The  extraction  of  the  gold  from  ground  sluices  that  are 
paved  with  stone  is  a  more  difficult  process,  and  the  gold  dirt 
collected  in  it  has  afterwards  to  be  treated  in  a  broad  sluice  or 
•torn.' 

The  extraction  of  the  finer  particles  of  gold  is  assisted  by 
the  use  of  mercury.  This  metal  is  allowed  to  drop  into  the 
uppermost  end  of  the  sluice,  and  it  usually  amalgamates  with 
the  gold  before  these  two  metals  have  gone  far  down  the  sluice, 
both  of  them  stopping  at  the  first  resting-place. 

Sluice  troughs  are  sometimes  made  double,  so  that  there 
need  be  no  stoppage  while  the  process  of  clearing  up  is  going 
on.  The  arrangement  also  permits  two  companies,  when  they 
can  agree  to  do  so,  working  side  by  side. 

Tail  sluices, — There  are  also  tail  sluices,  which  are  often 
placed  in  the  bed  of  a  stream,  where  the  *  tailings'  from  the  first 
sluice  are  treated  over  again.  Occasionally  the  water  flowing 
along  the  floor  of  a  tunnel  in  a  mine  is  used  for  the  purposes 
of  a  sluice.  Some  comparisons  of  the  costs  and  results  of  the 
various  methods  of  extracting  driftal  gold  just  described  are 
given  in  the  next  chapter. 
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CHAPTER  XL 

SUNDRY  PARTICULARS  OF  WORK  AND  COSTS. 

Gold— Quartz  Mining— Alluvial  and  Hydraulic  Mining  -Tablci  of  Pai- 
ticulara.— Silver— Altai  Mountains -Dry  Ore  Concentration— Mode 
of  Treatment  in  Mexico— Copper  Cape  Mines— Algerian  Mines— Pkryi 
Mountain  Mines— Lake  Superior  CopperMines.— Tin— Costs  of  Work 
in  Cornwall— Percentage  of  Black  Tin  to  Ore;  of  Black  to  Metallic 
Tin— Cost  of  Dressing— Cost  of  Prepared  Ore  per  Ton— Banca,  Aus- 
tralia, Red  River,  Cornwall,  Stream  Tin  Workings— Lead— Various 
Costs— La  Baume  Mines,  France— Zinc— Lead  Colic— Iron— Variom 
Costs — Deepest  Mine  Shafts  in  the  World. 

The  following  particulars  of  work  and  costs  derived  from  various 
sources  will,  I  hope,  be  permanently  useful  for  reference,  and 
they  will  be  of  interest  as  showing  prices  paid  and  work  done 
up  to  the  present  time. 

GoiJ). — Quartz  mining, — In  Victoria  recently  seven  mines 
produced  a  total  of  25,783  tons  of  quartz,  which  was  obtained 
from  depths  of  between  400  and  500  feet  This  quantity  gave 
an  average  of  6  dwts.  7  grains  of  gold  per  ton,  or  of  the  value 
of  about  i/.  5 J.  per  ton  of  quartz.  The  lowest  amount  was 
4  dwts.,  and  the  highest  12  dwts.  6  grains. 

29,324  tons  of  quartz  taken  from  five  mines,  at  depths  of 
from  500  to  600  feet,  gave  an  average  of  8  dwts.,  or  one-third 
of  an  ounce  per  ton. 

i7>377  tons  of  quartz  raised  from  three  mines,  at  depths  of 
from  600  to  700  feet,  gave  1 1  dwts.  6  grains  per  ton,  or  of  the 
value  of  about  2/.  2s.  to  the  ton  of  quartz. 

The  foregoing  figiu*es  do  not  favour  the  theory  that  quartz 
lodes  become  less  productive  of  gold  in  depth,  as  indeed,  if 
they  continue  in  the  same  strata,  they  should  not 
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There  are  also  rich  discoveries  at  great  depths;  thus  at 
Mariner's  Reef,  83  tons  of  quartz  gave  5  oz.  3  dwts.  of  gold  per 
ton. 

Again,  32  mines  in  Victoria,  with  depths  ranging  from  180 
to  650  feet,  yielded  on  an  average  11  dwts.  4  grains  of  gold  per 
ton,  the  lowest  being  i  dwt  18  grains,  and  the  highest  4  oz. 
It  is  considered  that  a  yield  of  from  2  to  3  dwts.  of  gold  per 
ton  of  quartz  will  pay  for  crushing. 

The  lodes  or  dykes  in  the  above  cases  varied  in  width  from 
4  inches  to  120  feet,  the  mean  width  being  about  8  feet,  each 
lode  var3ring  in  width  in  its  course  downwards  and  horizontally. 
The  cost  of  pumping  averages  3/.  a  day.  The  cost  of  raising 
I  ton  of  quartz  from  a  depth  of  550  feet  was  gs,  per  ton.  The 
cost  of  sinking  shafts  was  10/.  per  foot 

At  Black  Hill,  on  the  River  Yarra-Yarra,  the  cost  of  getting 
quartz  per  ton  is,  in  an  open  quarry  4^.  2^.,  in  underground 
mining  9^.  The  cost  of  crushing  was  4^.  per  ton.  The  average 
yearly  earnings  of  gold  miners  have  increased  from  93/.  i6s,  2d, 
in  1873,  ^o  ^^^*  ^  1876.  At  the  Little  Annie  Mine  in  Colo- 
rado, which  is  interesting  as  being  one  of  the  two  highest 
mines  in  the  world,  382  tons  of  rock  were  crushed  in  the  close 
of  the  year  1877,  at  the  rate  of  8^  tons  every  24  hours.  The 
value  of  the  gold  obtained  was  ;$!4,58o,  and  the  cost  of  mining 
and  crushing  J$!i,945,  the  yield  of  gold  per  ton  being  ^${1,199. 
In  the  beginning  of  1875,  h^^4^  ^ons  were  crushed,  whidh 
gave  ;5fio,5o7 ;  the  cost  was  ;5f8,763.  i8c.,  or  a  net  profit  of 
about  js.  per  ton  of  ore.  The  Americans  can,  generally  speak- 
ing, quite  equal  the  Australians  in  making  a  small  proportion 
of  gold  pay  a  profit 

Alluvial  and  hydraulic  mining, — In  Australia  four  men 
filling  a  long  tom,  or  raised  sluice,  will  remove  and  wash  24 
cubic  yards  of  ground  per  day — 6  cubic  yards  per  man.  In 
ground  sluicing  with  a  sufficiency  of  water  the  results  will  be 
more,  varying  with  the  skill  of  the  men,  the  inclination  of  the 
sluice,  and  the  density  of  the  groimd.  A  favourable  instance 
is  given  of  operations  in  the  hill  overlooking  Allan's  Flat, 
Vackandanah,     The  ground  sluiced  was  a  quartzosed  gravel 
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3  feet  deep,  the  quantity  of  water  used  was  about  500  gallons  a 
minute,  the  number  of  men  3,  and  the  ground  removed  15a 
cubic  yards  a  day  =  50  yards  a  man. 

In  hydraulic  01  j'lt  mining  the  results  vary  according  to  the 
quantity  of  water  employed  and  the  height  of  its  source,  or  its 
immediate  fall  above  the  point  of  operation,  together  with  the 
compactness  or  looseness  of  the  ground.  The  quantity  of 
earth  removed  varies  from  50  to  aoo  cubic  yarrls  a  man.  The 
costs  of  working  a  face  of  drift  per  day  are  thus  estimated  : 


Three  men,  1 


Repairs  and  renewal! 


In  average  claims  }  of  a  grain  of  gold  per  cubic  yard 
will  cover  costs.  In  favourable  hydraulic  mining  the  costs  have 
been  defrayed  by  a  less  proportion  per  cubic  yard.  The  two 
following  tables,  given  by  Mr.  A.  J,  Bowie,'  will  afford  very  full 
particulars  of  work,  costs,  and  results  at  two  of  the  claims  of 
the  X^  Grange  Hydraulic  Mining  Co.  in  California. 

SiLVZR. — In  the  Altai  Mountains,  in  the  south-east  of 
Siberia,  the  silver  ore  is  quarried  in  open  excavations,  as  well 
as  in  unde^ound  chambers,  and  after  being  picked  and  sorted 
the  silver  is  obt^ned  by  smelting. 

The  following  account  by  Herr  Richter  *  of  the  processes 
employed  in  the  reduction  of  silver  in  Mexico  gives  many  de- 
tails of  work,  and  it  will  supplement  the  brief  reference  to  the 
dressing  of  silver  ores  given  in  chapter  zxxviii. 

The  ores  raised  at  the  Tajo  Mine  at  Rosario,  near  Mazatlan, 
are  essentially  mixtiurcs  of  quartz  with  argentic  sulphides,  and 
fsobably  some  silver  and  gold,  together  with  some  galena,  brown 
blende,  and  pyritic  minerals  ;  the  average  contents  of  silver 
bdng  40  ounces  and  of  gold  a}  ounces  per  ton,  with  from 
6  to  8  per  cent  of  lead  and  linc     Tlie  reduction  is  effected  hy 

'  Mi^nciring  and  Mining  ^ntmal,  December  15,  1877. 

■  Ztittckrift  fiir  Btrg-,  BtiUtn-  ttmd  SaHnemattm,  toL  xxiv.  p.  364,  u 
bamliled  In  the  Pnendings  oftht  Initituiitn  ef  Civil  E«gi>utrt, 
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The  copper  salt  is  added  in  somewhat  larger  quaiittly  than 
would  be  required  for  the  chlorinatioD  of  the  whole  of  the  silver, 
assuming  it  to  be  effected  by  cupric  chloride.  The  reactions 
are  considered  by  the  author  to  be  substantially  the  same  as 
those  in  the  '  patio '  process,  and  as  probably  occurring  in  the 
following  order :  amalgamation  of  metallic  silver  and  gold  ; 
conversion  of  cupric  sulphate  into  chloride ;  conversion  of 
jilver  sulphide  by  cupric  chloride,  with  the  formation  of  cupreous 
chloride,  into  silver  chloride  ;  reduchon  and  amalgamation  of 
the  latter  by  metallic  mercury ;  and,  finally,  decompositloii  of 
the  mercurial  chlorides  formed  by  the  iron  of  the  pan.  The 
zinc  amalgam  is  said  to  help  by  the  production  of  electric 
currents.  Like  the  Mexican  process,  the  method  is  not  well 
suited  for  the  treatment  of  minerals  containing  lead,  zinc,  oi 
antimony,  the  working  of  such  ores  being  attended  with  a  con- 
siderable loss  of  silver  and  mercury. 

The  amalgamation  process  proper  requires  about  fourhours, 
the  progress  of  the  operation  being  controlled  by  washing  out 
samples  of  the  mud  at  intervals,  and  observing  the  colour  and 
fonn  of  the  mercury  globule  obtained,  which  should  be  grey, 
and  'tail,'  or  assume  an  oval  form. 

The  finished  charge  from  the  pan  is  received  in  a  cylin- 
drical washing  vat,  or  settler,  and  allowed  to  rest  for  an  hour, 
whereby  the  bulk  of  the  mercury  and  amalgam  separate  from 
the  mud  and  fall  to  the  bottom.  Afterwards  the  lighter  par- 
ticles are  removed  through  a  hole  in  the  side  by  a  stream  of 
water,  which  flows  for  fifty  minutes  ;  lastly,  the  bulk  of  the 
mercury  is  separated  from  the  remaining  heavy  mud  charged 
with  ore,  by  drawing  it  from  a  lower  opening  for  ten  minutes. 
As  the  amalgam  is  very  poor,  owing  to  the  la^  quantity  of 
mercury  used,  only  the  excess  of  the  latter  introduced  at  each 
washing  above  a  large  fixed  amount  is  removed  in  clearing  the 
settler,  the  whole  quantity  being  only  removed  at  intervals  of 
eight  days. 

The  waste  or  tailings  of  the  first  operation,  consisting  largely 
of  heavy  metallic  sulphides,  with  probably  some  silver  sulphide, 
and  containing  about  35  per  cent,  of  the  original  amount  of  silva, 
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are  reworked  in  four  large  pans  or  '  tailing  mills/  which  take 
charges  of  double  the  weight  of  those  worked  in  the  ore-pans, 
but  are  otherwise  similarly  arranged.  An  assay  of  this  material 
gave  28  ounces  of  silver  per  ton,  and  appeared  by  vanning  to 
consist  of  -^  of  quartz  and  -^  of  heavy  sulphides/  pyrites, 
blende,  and  galena.  The  reagents  used  per  1,600-pound 
charge  are :  salt  40  pounds,  sulphate  of  copper  5^  pounds,  and 
mercury  120  pounds,  the  latter  being  about  seventy  times  the 
weight  of  the  silver  in  the  ore. 

The  working  of  the  tailings,  both  in  the  pans  and  settlers, 
is  exactly  similar  to  that  in  the  ore  mills.  The  waste  from  the 
last  washing,  containing  about  i  ounce  to  the  ton,  is  passed 
through  a  catch-pit  before  being  allowed  to  run  to  waste.  A 
further  quantity  of  20  per  cent  of  silver  is  recovered  by  the 
second  operation,  showing  the  final  loss  to  be  about  15  per 
cent,  of  that  contained  in  the  ore.  Allowing  four  hours  for  the 
filling  of  the  tailing  tanks,  the  extraction  of  the  silver  from  the 
ore,  counting  from  the  first  charging  of  the  ore-pan,  is  effected 
in  sixteen  hours.  The  amalgam  collected  is  treated  at  intervals 
by  filtration  through  canvas,  after  which  it  is  washed  in  quanti- 
ties of  a  few  hundredweights  at  a  time  in  a  pan  with  water  to 
clear  it  from  mechanical  impurities,  filtered  a  second  time,  and 
finally  heated  in  retorts  holding  1,200  pounds.  The  time  re- 
quired for  distillation  is  from  eight  to  fifteen  hours,  on  account 
of  the  great  variability  in  its  composition.  The  sponge  silver 
for  the  retorts  is  melted  in  blacklead  crucibles  holding  50 
pounds  and  run  into  bars. 

The  great  advantages  of  the  pan  process,  as  compared  with 
other  metallurgical  operations,  namely,  speed  and  cheapness  of 
work,  together  with  large  production  from  a  small  plant,  are, 
in  the  author's  opinion,  obtained  by  a  considerable  waste  of 
silver,  which  he  calculates  at  187  per  cent  of  the  total  quan- 
tity, and  as  due  to  the  effect  of  the  lead  and  zinc  ore.  Nearly 
the  whole  of  the  gold  is,  however,  saved.  The  loss  of  mercury 
is  2  pounds  per  2,000  pounds  of  ore  treated,  or  80  per  cent  of 
the  weight  of  the  silver.  The  staff  required  is  very  small 
With  twelve  workmen  of  all  descriptions  about   17  tons  of  ore 

F  F 
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are  Oeated  per  day.  The  machinery  is  driven  iiy  steam  power, 
the  cost  of  wood  for  two  engines  being  about  8/.  daily.  The 
total  rost  of  working,  including  wages,  materials,  wear  of 
machinery,  Sic,  is  about  3/.  per  ton  of  ore  treated,  or  about 
II.  id.  of  silver  recovered. 

The  next  (able,  by  Mr.  A.  Trippel,'  of  New  York,  affords  a 
view  of  the  results  and  costs  of  the  dry  concentration  of  silver 
ore  at  the  Manhattan  Silver  Mill,  Nevada  ; 

Copper. — At  the  Cape  copper  mines  the  costs  of  extractitm 
ind  dressing  ready  for  sale  during  recent  years  have  been  as 
follows: 

1.  d. 
10  EngUmd 

10    9  per  nnh. 
1875         10    3       ,. 
)■  t,  t.  ■.        >S76  9  10       „ 

1877  8    I        „ 

Or  an  average  of  9J.  8^.  per  unit  on  a  yearly  output  of  t3,ooo 
tons  of  30  per  cent.  ore.  The  cost  of  raising  the  ore  to  the 
surface  is  jr.  td.  per  unit,  or  4/.  15*.  per  ton  of  ore.  In  this 
case  it  is  the  high  percentage  of  copper  in  the  ore  that  enables 
the  mines  to  be  worked  at  a  profit 

Professor  Ansted '  gives  the  cost  of  getting  the  ore  at  the 
mines  of  fioudendach  in  Algeria  at  52^.  per  ton,  dressed  to  a 
percentage  of  1 6^.  The  dressing  is  put  at  jor.  a  ton  ;  carriage 
to  Port  Tenez,  &i.  ;  total,  4/.  i8j.,  which,  with  freight  to 
Swansea,  12^.,  makes  5/.  las.  aton,  to  which  should  be  added 
costs  of  management,  &c.  At  12^.  per  unit  the  value  in 
Swansea  would  be  10/.  per  ton. 

At  the  Parys  Mountain  Mines  in  Anglesea,  the  North  Dis- 
covery and  Canegydol  lodes,  fig.  55,  averaged  six  to  seven  tons 
of  copper  ore,  of  about  5  per  cent,  value  per  cubic  fathom. 
The  ground  was  hard,  and  blunted  the  tools  rapidly.  I'he  cost 
of  driving  was  from  9/.  to  10/.  per  fathom,  and  the  cost  of 
Hoping  5/.  to  6/.  per  cubic  fathom.  The  average  cost  of  getting 

'  Enginaiing  and  Mining  Journal  of  Nim  Ytrk. 
'  Sttniry,  Siiaue,  and  Art. 
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the  ore  out  of  the  mine  was  from  5^.  &/.  to  ^s.  per  unit.  TTie 
dressing  cost  from  5^.  to  6*.  pcT  unit,  to  which,  if  we  add  costs 
of  management  and  renewals,  the  ore  would  cost  from  roj.  6rf. 
(o  I  ij.  per  unit. 

At  the  I^ke  Superior  Copper  Wines  the  cost  of  raising 
'stamp  work'^the  middle  quality  of  the  ores— at  the  Hogan 
Mine,  inclusive  of  all  operations  necessary  for  preparing  the  ore 
for  market,  after  the  mine  had  been  laid  open  for  stopiDg.  was, 
some  years  since,  as  follows  : 

Per  ten 

Sloping $t  00 

Filling,  landing,  ind  wheeling    .  o  36 

TranuDing  to  kiln* o  06^ 

Burning,  including  wood  and  labour   .  O  35 

Dre»ing o  6S( 

Steam  engine  and  labour  at  itampi     ...  076 

Miicellaneous  charges,  carpenter,  tmith,  &c.       .  o  30 

The  stamp  work  is  reckoned  to  produce  90  per  cent  of  pure 
metal. 

The  production  of  metallic  copper  from  the  whole  of  the 
workings  of  the  Hogan  and  Stourtenburgh  Mines  was  approxi- 
mately 325  lbs.  per  fathom. 

Tin, — The  following  particulars  of  prices  paid  for  general 
mining  work  in  Cornwall  are  partly  applicable  to  mining  for 
copper. 

The  sizes  of  shafts  in  the  county  are  from  5  to  15  feet  long, 
by  3  to  s  feet  wide.    The  prices  paid  for  sinking  shafts  are : 


Id  soft  daj  slate,  to  a  deptli  of  30  ftthoms  from 

anr&ce 

3  to    sperfalhon: 

„                        „                      betow  this  depth 

3  '0    4 

In  hard  cUy  ilate,  to  a  depth  of  ao  fathomt . 

bdow  this  depth 

5'o  8   ;; 

Where  powder  is  used,   or  in   ordinary  blasting 

ground,  lo  a  depth  of  30  fathoms        . 

6  to    S 

below  this  depth 

10  to  30        ,. 

[d  extreme  cues  of  hardDcw        .... 

70  to  80 
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Driving  levels,  about  two-thirds  of  the  preceding  prices.  Smaller 
levels  in  easy  ground  are  driven  at  from  &r.  to  1 2s,  per  fathom 
forward. 

Stoping  costs  about  two-fifths  of  the  price  of  driving  levels. 

Average  cost  of  breaking  and  selectmg  the  ore,  and  sending 
it  to  the  surface,  4^.  to  8x.  per  ton. 

The  eight  mines  named  below  gave,  in  1866,  the  following 
proportions  of  black  tm  to  the  ton  of  ore  raised  : 


lbs. 

Ibik 

Hud  Kitty       . 

.         .     84 

East  Cam  Brea 

.     18 

Dolcoath . 

.        .     56 

Polberro  Consols 

.     14 

Tin  Croft 

.     35 

Huel  Coates     . 

6 

Huel  Uny 

•     23 

Llanwit    . 

.      4 

At  St.  Ives  Consols  as  much  as  1,344  lbs.  have  been  obtained 
to  the  ton  of  ore,  but  the  average  was  only  45  lbs. 

In  1856,  of  thirty-two  of  the  best  mines  the  highest 
average  was  given  by  Huelvor,  which  gave  144  lbs.  to  the  ton 
of  ore. 

The  present  percentage  of  bUck  tin  derived  from  all  the 
tin  ore  sent  through  the  stamps  and  dressing  floors  of  Cornwall 
is  estimated  at  2  per  cent.,  or  nearly  45  lbs.  to  the  ton  of  ore. 

In  1877, 14,142  tons  of  black  tin  gave  9,500  tons  of  metallic 
tin.  It  may  be  taken,  therefore,  that  100  lbs.  of  black  tin 
yields  about  70  lbs.  of  metallic  or  block  tin. 

The  cost  of  mining  and  preparing  tin  ore  for  the  market 
has  decreased  during  recent  years  at  the  best  mines  from  52/. 
to  27/.  per  ton.  Possibly  35/.  may  more  nearly  represent  what 
at  present  may  be  considered  the  lowest  average  price  as  spread 
over  a  number  of  the  best  mines. 

Fifty  tons  of  ore  will  ordinarily  have  to  be  mined  to  pro- 
duce one  ton  of  black  tin.  If  we  put  the  cost  of  stoping 
per  fathom  at  3/.,  and  take  four  square  fathoms  of  a  lode  4  feet 
wide  as  equal  to  50  tons,  this  would  give  12/.  The  cost  of 
dressing,  from  the  pit's  mouth  to  the  ore  bin,  varies  from  5/.  to 
12/.,  but  9/.  is  taken  as  the  average;  this  would  make  21/. 
Then  come  dues,  cost  of  management,  pumping,  and  renewals^ 
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lo  that  we  cannot  at  present  reckon  upon  a  much  less  cost 
than  35/.  per  ton. 

At  the  Btockwerk  of  Alteoberg,  Saxony,  fig.  66,  the  whole 
mass  is  quarried,  stamped,  and  washed;  the  proportion  o( 
black  tin  being  2  per  cent  of  the  whole. 

At  the  alluvial  tin  mines  of  Banca,  a  workman,  in  a  day  of 
nine  hours,  removes,  with  the  aid  of  water,  from  350  to  530 
cubic  feet  of  earth.  The  top  ground  is  dug  off  and  removed, 
aad  then  a  aticam  of  iratcr  turned  on.  Bowls,  launders,  and 
Strips  or  stiakes,  aie  used  for  mtercepting  the  tin,  as  in  alluvial 
gold  mining.  The  experienced  labourers  receive  r/.  per  month 
and  their  board.  The  new-comers  only  receive  ly.  ^d,  and 
their  board.  The  quantity  of  earth  removed  yearly  for  each 
person  of  all  sorts  at  a  mine  Is  estimated  at  about  13,000  cubic 
feet ;  the  yearly  yield  of  metallic  tin  for  each  employ^  of  all 
kinds  being  12  cwt. 

In  Australia,  in  washing  for  stream  tin,  a  man  is  said  to 
handle,  or  pass  through  his  hands,  10  tons  of  earth  a  day. 

In  Cornwall,  in  1876,  800  persons  of  all  sorts  were  em- 
ployed in  alluvial  tin  mining  on  the  Red  River.  The  pro- 
duction of  tin  ore  amounted  in  value  to  18,460/.,  and  the 
average  earnings  to  loj'.  a  week. 

Lkad. — At  the  Van  Mines  at  the  present  time  the  cost  of 
sloping  ranges  from  40s.  to  8of.  per  fathom.  In  Cardiganshire 
and  Carnarvonshire  the  prices  range  higher,  as  they  also  do  in 
lodes  in  the  limestone  districts.  The  cost  of  driving  is  nearly 
double  this  price.  The  cost  of  sinking  winzes  about  the  saiae 
^-of  rising,  or  working  a  winze  or  a  shaft  upwards,  about  one- 
half  more. 

The  paying  lead  mines  contain  firom  25  cwt.  to  3  tons  of 
ore  per  &thom,  with  varying  quantities  of  blende.  There  is 
not  as  yet,  I  think,  an  instance  of  a  lead  mine  paying  on  an 
average  production  of  less  than  35  cwt  per  fathom,  but  there 
ought  to  be  many.  In  an  ordinary  mme,  in  which  from  one- 
half  to  two-thirds  of  the  area  of  the  lode  contains  ore,  the  cost 
of  sloping  may  be  roughly  taken  at  about  one-third  of  the  total 
cost  of  the  ore  when  prepared  ready  for  sale  :  one-third  being 
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apportioned  to  development  and  exploration,  and  the  other 
third  to  pumping,  general  expenses,  and  management  A  rib 
of  lead  one  inch  wide  in  a  lode  represents  10  to  12  cwt.  per 
fathom. 

In  Carnarvonshire  the  hand-dressing  of  lead  costs  from 
iSs,  to  20s,  per  ton;  but  by  machine-dressing  it  is  done  at  an 
average  cost  of  13J.  per  ton. 

At  the  Flintshire  Lead  Mines,  worked  in  lodes,  the  cost  of 
dressing  is  put  at  about  i6j.  per  ton. 

At  the  North  Hendre  Lead  Mine,  which  is  worked  in  a  *  flat ' 
lode  or  bed,  fig.  97,  the  prices  paid  are  :  for  raising-  lead,  20 j. 
per  ton ;  for  tramming  the  same  a  distance  of  300  yards,  i6f. 
per  20  tons ;  for  dressing  the  ore — most  of  it  being  in  lumps — 
ready  for  sale,  9^.  per  ton ;  for  driving  levels  in  limestone, 
3/.  I  ox.  per  yard. 

The  silver- lead  mines  of  La  Baume,^  near  Villefranche, 
Dept.  Aveyron,  France — known  as  *  La  Baume '  locally,  but 
more  generally  as  the  Villefranche  Mines — are,  perhaps,  the 
richest  silver-lead  mines  in  France,  and  have  been  worked 
from  time  immemorial.  They  are  at  present  worked,  and 
successfully  so,  by  an  iron  and  coal  company,  called  the 
*  Aci^ries  de  France,'  who  purchased  them  a  few  years  ago. 

The  lode  is  a  quartz  one,  running  through  porphyritic 
rocks ;  it  is  almost  perpendicular,  and  is  now  worked  at  a 
depth  of  300  metres,  or  327  yards,  below  the  adit  level.  Near 
the  surface  the  lode  contained  a  little  blende,  but  in  depth  this 
disappeared  entirely,  as  did  also  the  liability  to  lead-colic  on 
the  part  of  the  miners,  owing,  no  doubt,  to  the  lead  taking  the 
entirely  insoluble  form  of  galena  in  depth.  The  ore,  as  it 
comes  from  the  mine,  contains  about  10  per  cent  of  metallic 
lead,  and  this  contains  about  160  ounces  of  silver  to  the  ton. 

Owing  to  this  richness  in  silver,  the  dressing  is  not  carried 
to  any  high  percentage,  as  the  loss  of  silver  was  found  to  be 
very  great.  The  hand-picked  ore  contains  about  30  per  cent 
lead,  while  the  dressed  ore  averages  40  per  cent  Great  care 
is  taken  to  hand-pick  as  much  as  possible,  and  even  half-inch 

'  Note  by  E.  H.  D. 
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Stuff  is  picked  over  before  it  is  sent  to  the  jiggers.  This  of 
course  is  to  avoid  crushing  and  reducing  the  ore  to  a  state  of 
slime ;  and  no  greater  proof  can  be  obtained  of  the  wisdom  of 
not  crushing,  and  of  the  dressing  to  a  low  percentage  of  lead 
ores  rich  in  silver,  than  (he  process  adopted  at  these  mines 
after  years  of  trial  and  experiment. 

The  ore  as  it  comes  from  the  mine  is  raised  by  an  elevator 
to  the  top  of  the  mill,  is  then  crushed  in  a  Blake  stone-crusher, 
and  falls  on  to  a  long  picking -table,  where  it  is  carefully  hand- 
picked  by  a  number  of  women,  who  take  out  all  ore  down  to 
15  per  cent.,  and  allow  the  remainder  to  pass  on  to  the  crushers 
and  j^ers.  The  women  at  the  picking-Cable  are  paid  by  con- 
tract, and,  in  order  that  they  may  each  have  an  equal  chance 
of  picking  rich  ore,  the  double  row  of  women  moves  up  a  step 
each  day,  the  top  couple  returning  to  the  bottom.  This  15 
per  cent,  ore  from  the  picking-table  is  sent  on  to  another 
gang  of  women,  who  crush  it  with  spalling  hammers,  and  en- 
rich it  up  to  30  per  cent.,  at  which  percentage  it  is  sent  to 
market. 

The  crushers  are  of  the  usual  roller  type,  but  the  jiggers  are 
all  of  two  compartments  only.  The  coarse  tailings  from  the 
jiggers  are  re-crushed  in  a  smaller  pair  of  roller  crushers,  while 
the  line  tailings  are  treated  in  a  Schranz  crusher,  though  for- 
merly they  were  crushed  under  a  battery  of  stamps,  which  is 
now  idle. 

The  slimes  are  classified  in  spitzkastens,  and  are  then  treated 
on  three  Linkenbach  tables,  two  of  which  are  of  the  old  small 
diameter  type,  while  the  third  is  8  metres  diameter.  Besides 
these,  there  is  a  side  percussion  table  for  the  coarser  sUnies, 
and  no  slimes  are  allowed  to  run  to  waste  which  contain  more 
than  I  per  cent  lead. 

The  dressed  ore  is  dried  before  sacking,  and  is  then  put  in 
sacks  containing  60  lbs.  weight  of  material,  which  are  carted 
to  the  station  and  sent  to  the  smelting  works  at  Pontgibaud. 
The  dressing  mill  is  driven  by  steam-power,  and  owing  to  its 
having  been  erected  at  various  epochs  it  is  of  no  determined 
class.    The  new  slime -dressing  machinery  was    supplied  by 
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the  Humboldt  Company  of  Kalk,  near  Cologne,  only  a  few 
years  ago,  and  before  that  the  rich  slimes  ran  to  waste. 

The  annual  profits  made,  after  paying  all  charges,  are  over 
12,000/.,  and  the  company  is  largely  extending  its  operations 
by  development,  rock-drills  being  used,  both  on  its  main  lode 
and  on  a  subsidiary  one,  which  is  still  richer  in  silver,  but 
contains  less  lead.  It  is  even  proposed  to  erect  new  works 
close  to  the  railway  station  at  Villefranche,  and  drive  a  long 
adit  to  connect  them  with  the  mines,  with  a  view  to  lessen  the 
loss  in  dressing  and  provide  for  an  increased  output  from  the 
mines.' 

Zinc. — This  metal  is,  as  we  have  seen,  closely  associated 
with  lead  ores.  The  cost  of  dressing  the  ore  at  the  Flintshire 
mines  is  from  11s.  to  i6j.  per  ton. 

Mr.  £.  Gybbon  Spilsburg^  gives  the  following  table  of  the 
cost  of  zinc  extraction  at  the  Lancaster  County  Zinc  Mines, 
Philadelphia  : 

Cost  of  mining  40  tons  of  ore  a  day  at  /i  00   .                          .  /40  00 

Transportation  to  dressing  floors 2  00 

Dressing  40  tons,  loss  in  weight  ^  =  26*63  tons  dressed       .         .  20  00 

Two  engineers  at  /i  50 3  00 

Two  tons  of  hard  coal  at  ^^2  38 4  76 

Labour  in  roasting  26*63  ^^^  at  / 1  00  per  ton          .         .         .  26  63 

Fuel,  26-63  tons  at  ^4  00 106  52 

Labour  to  reduce,  say  24  tons  calcined  ore,  say  18  shifts,  at  $g  00 

per  shift 162  00 

Fuel  for  reduction  in  furnaces,  25  tons  at  /2  38        .  59  5^ 

Fuel  used  for  reduction  in  retorts,  7^  tons  at  /i  50  .  11  25 

Retorts  used,  54  at  75c 40  50 

Condensers  used,  180  at  2C 3  60 

i?479  76 
Ten  per  cent,  of  above  for  wear  and  tear  and  general  management      47  98 

1^527  74 

Zinc  produced  would  be  at  lowest  possible  estimate  9,900  lbs. 

*  Tabular  statements  giving  concise  information  as  to  the  machinery  at 
these  mines,  and  the  results  obtained,  with  the  actual  cost  of  mining  and 
dressing  the  ore,  will  be  found  at  pages  451-453. 

Engifuering  and  Alining  Journal,  New  York,  July  1877. 
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Dividing  the  above  cost  by  this  number  of  pounds  would  give 
under  3  cents  as  cost  of  zinc  per  pound.  The  following 
inalysis  shows  the  quality  of  the  Gpelter  produced ; 

Zinc 99687 

Cattmiuni 'OJ4 

Lead -aCa 

Copper Trace 

Iron -017 

99998 

Tlie  following  account  of  the  zinc  mines  00  the  Schneebeig, 
Tyrol,  will  also  be  of  interest : ' 

These  mines,  amongst  the  most  elevated  in  Europe,  were 
formerly  wrought  for  argentiferous  lead  ores,  having  in  i486 
employed  1,000  men.  In  1866  they  were  reopened,  and  it  was 
determined  to  utilise  the  lai^  discoveries  of  zinc-blende  which, 
together  with  some  galena  and  a  little  copper  pyrites,  form  the 
bulk  of  tlie  metallic  contents  of  the  lodes.  These  lodes  are 
from  7  to  $6  feet  thick,  and  have  been  proved  in  direcdon  for  a 
diatanceof  about  1^  mile,  and  by  the  outcrops  in  depth  to  more 
than  9,700  feet  The  chief  point  of  interest  is  in  the  great 
difierences  of  level  that  have  to  be  overcome  in  the  transport  of 
the  mineral  from  the  mines  to  the  dressmg  floors  and  smelting 
works  across  intervening  mountain  ridges.  The  St  Martin, 
or  principal  working  level,  lies  7,763  feet  above  the  sea  level, 
and  there  are  numerous  workings  above  and  below  this  point 
The  Kaindl  tunnel,  by  which  a  principal  ridge  is  crossed,  lies 
at  an  altitude  of  8,263  feet  The  principal  arrangement  of  the 
roads  in  this  very  broken  system  of  transport  are  the  follow- 
ing : — ^A  lifl  1,459  ^^^^  ''^"Si  ^'3  ^^^^  vertical  height,  rising  on 
the  ridge  above  the  Passeyer  Valley,  connects,  by  a  railway 
3,079  f^ct  '<^QS'  ^'th  ^  second  lift,  2,735  '^^t  ^^^g  ^d  465  feet 
rise,  with  one  end  of  the  Kaindl  tunnel.  This  is  4,211  feet 
long,  and  crosses  the  ridge  to  the  Lazacher  Valley.     From  this 

'  From  James  Forreat's  ilbslracls  of  Pafert  in  Fm-eign  Ttv^taeUani 
tnd  Ptrifdicah,  for  the  Proceedings  of  Ibe  Inslitution  of  Civil  E 
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point  the  road  is  all  downhill,  corarnencing  with  an  inclined 
plane  2,332  feet  long  and  1,125  feet  fall,  to  a  cart-road  about 
3^  miles  long,  on  a  gradient  of  j  in  11,  leading  to  Meiem, 
where  there  is  a  second  inclined  plane  846  feet  long,  and 
479  feet  fall,  at  the  bottom  of  which  new  and  large  dressing 
floois  are  in  course  of  erection.  From  the  new  dressing  floors 
a  road  of  5  miles,  on  a  gradient  of  i  in  135,  leads  to  a  third 
inclined  plane,  1,430  and  479  feet  fall,  to  a  point  on  the  road 
to  Sterzing,  about  3f  miles  distant  from  the  railway  station. 
From  this  it  appears  that  the  stuiT  from  the  mine  travels  first 
uphill  about  1,100  feet  for  about  i^  mile  to  the  summit,  thence 
about  3,240  feet  down  in  5  miles  to  the  dressing  floors.  The 
farther  distance  to  the  station  is  nearly  10  miles. 

A  portion  of  the  ore,  that  containing  lead,  is  dressed  at  the 
mines ;  the  works,  which  from  their  altitude  can  only  be  used 
during  foiu:  months  of  the  year,  include  forty  heads  of  stamps, 
eight  V-channel  classifiers  (spitzluUm\  two  spitzkasten,  eight 
percussion  and  jagging  sieves,  and  ten  double  Rittinger  percus- 
sion tables,  the  power  being  supplied  by  an  overshot  wheel 
driven  by  the  water  of  the  Schwarzensee,  a  lake  7,400  feet 
above  the  sea  level.  The  lower  works  at  Meiem,  which  are 
available  during  nine  months  in  the  year,  are  divided  into  two 
parts  :  that  for  the  coarser  mineral,  containing  Blake  crushers, 
picking  tables,  sizing  drums,  and  coarse  jiggers,  is  driven  by  a 
water-pressure  engine,  on  Mayer's  principle;  the  second,  for 
the  finer  sizes,  driven  by  a  Girard  turbine,  contains  20  heads 
of  stamps  and  ten  double  percussion  tables,  besides  the  neces- 
sary centrifugal  pump  elevators  and  slime  pits ;  a  third  portion, 
containing  the  crushing  rolls,  is  not  yet  erected.  In  their 
present  condition  the  mines  are  equal  to  an  annual  production 
of  2,500  to  3,000  tons  of  blende  in  lumps,  and  4,200  to  4,50c 
tons  in  various  dressed  sizes,  averaging  42  to  45  per  cent 
produce  for  zinc,  and  320  tons  of  dressed  lead  ore,  but  when 
the  machinery  and  road  are  completed  these  quantities  will  be 
increased  threefold 

Iron. — ^The  costs  of  working  the  Clay-Band  ironstone  of 
the  Warwickshire  coalfield  in  the  years  1874-5  was : 
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I.    J. 
GeltiDg  uid  filling    .         .         .         .         S3  per  too 
Hauliug  and  laying  .  07,, 

Overlooking  lud  repairing  07,, 

The  ore  was  sold  at  i  is.  6J.  per  ion  delivered  in  trucks  at 
the  colliery. 

The  cost  of  working  the  mainband  of  the  Cleveland  iron- 
stone is  approximately  lad  to  is.  id.  per  ton,  apart  from 
management  and  outside  expenses. 

It  is  said  that  Spanish  luematites  of  60  per  cent  Strength 
can  be  delivered  free  in  Philadelphia  for  33/.  pet  ton. 

Lead  Colic.'  — In  addition  to  the  ordinary  difficulties 
which  the  manager  of  a  lead  mine  has  to  contend  with,  are 
those  arising  at  times  from  the  presence  of  a  more  or  less 
soluble  compound  of  lead  in  the  ore,  which  results  in  the  men 
being  attacked  with  lead  colic. 

We  have,  unfortunately,  had  to  face  this  trouble,  and  we 
now  purpose  describing  our  experience,  and  the  methods  we 
adopted  for  alleviating  and  diminishing  the  evil,  though  we 
never  succeeded  in  completely  annihilating  it,  in  spite  of  a 
menace  on  the  part  of  the  district  inspector  of  mines  to  close 
the  mine  entirely  unless  this  were  done. 

The  mines  were  situated  in  the  South  of  France,  and  the 
whole  of  the  workings  were  above  the  level  of  the  adit  The 
stopes  were  very  dry,  and,  especially  after  firing,  were  Aill  of 
dust.  The  ore  was  of  a  peculiar  grey  colour,  and  was  composed 
of  a  mixture  of  the  sulphide  and  of  the  carbonate  of  lead, 
sprinkled  in  places  with  crystals  of  the  phosphate,  and  pre- 
senting at  times  more  the  appearance  of  pumice-stone  than 
that  of  an  ore  of  lead.  We  never  found  out  its  exact  chemical 
analysis,  but  that  some  of  it,  when  in  a  finely- divided  state, 
was  soluble  in  water,  or  rather  by  the  contents  of  the  stomach 
and  the  moisture  of  the  body  in  perspiration,  was  but  too 
dearly  proved,  as  not  only  were  the  miners  attacked  with  lead 
colic,  but  also  some  of  the  men  in  the  dressing  mill. 
'  Note  t^  E.  H.  D. 
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The  miners,  as  a  rule,  were  extremely  dirty  in  their  habits, 
and  many  of  them  wore  the  same  linen  night  and  day  for 
weeks  together,  so  that  the  dust  deposited  on  their  bodies 
during  working  hours  was  left  undisturbed,  and  was  absorbed 
through  the  pores  of  the  skin.  Others  of  them  would  persist 
in  drinking  the  water  flowing  in  the  mine  ;  while,  in  spite  of  an 
official  order  by  the  Government,  it  was  with  the  greatest 
difficulty  that  they  could  be  prevented  from  taking  their  meals 
in  the  mine  in  the  midst  of  the  dust  caused  by  the  explosion 
of  numerous  shot-holes. 

Another,  and  perhaps  the  most  fruitful,  cause  of  the 
liability  to  colic  was  the  habit  the  miners  had  of  drilling  vertical 
holes  instead  of  the  more  or  less  horizontal  ones  used  in 
stoping.  In  spite  of  fines  and  dismissal,  it  was  found  im- 
possible to  break  them  of  this  habit ;  and,  as  a  consequence, 
the  dust  from  the  vertical  hole  fell  direct  into  the  mouth 
and  over  the  head  and  shoulders  of  the  man  who  stood 
beneath. 

The  first  symptoms  of  the  attack  of  colic  were  constipa- 
tion and  general  heaviness.  If  the  case  was  taken  in  time  it 
was  easily  treated  and  relieved  by  ordinary  aperients,  but  if  it 
was  not  attended  to  early  the  colic  in  all  its  terrors  attacked 
the  man,  and  it  was  not  until  after  a  week  or  more  of  terrible 
suflfering,  which  reduced  him  from  a  strong  healthy  miner  to  a 
wreck,  that  relief  could  be  obtained.  Some  of  the  men  were 
more  liable  to  these  attacks  than  others,  and  when  this  was 
observed  these  men  were  counselled  to  seek  work  elsewhere,  as, 
if  this  were  not  done,  their  health  would  be  ruined  for  life, 
paralysis  of  one  or  more  of  the  limbs  would  set  in,  entailing 
the  pensioning  off  of  the  patient  by  the  company,  while  in 
extreme  cases  death-would  quickly  follow  on  paralysis,  involving 
compensation  to  the  widow  and  no  end  of  trouble  with  the 
Government  mining  authorities. 

The  points,  therefore,  to  be  aimed  at  in  order  to  diminish 
the  number  of  cases,  were  extreme  cleanliness  and  sobriety  on 
the  part  of  the  men,  the  suppression  of  the  drilling  of  the 
vertical  holes  and  of  the  taking  of  meals  in  the  mine,  and  the 
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weeding  out  of  those  men  who  were  more  panicularly  liable  to 
be  attaclced. 

A  sick  club  was  formed  amongst  the  men,  and  the;  were 
encouraged  to  apply  to  the  doctor  immediately  that  any 
symptoms  manifested  themselves. 

The  enforcing  of  the  rules,  which  were  drawn  up  by  the 
Assistant -Inspect  or  of  Mines,  was  at  first  extremely  difficult, 
and  even  caused  a  certain  amount  of  ill-feeling  on  the  part  of 
the  men  ;  but  wheihei  the  result  was  obtained  by  their  being 
enforced,  or  througli  the  men  becoming  gradually  educated 
into  taking  care  of  thcm^viss,  it  is  difficult  to  say,  however  the 
number  of  cases  of  colic  was  finally  reduced  from  6  per  cenL 
to  from  I  to  3  per  cent.,  and  the  authorities  were  to  some 
extent  satisfied. 

The  reputation  of  the  mine  greatly  suffered  for  this  reason, 
for  it  soon  became  noised  abroad  that  it  was  tmhealthy,  and 
good  men  could  not  be  induced  to  start  to  voik  in  it,  whfle,  in 
order  to  keep  up  the  wages,  the  miners  actually  at  work  syste- 
matically frightened  away  new-comers  by  grossly  exaggerated 
accounts  of  the  colic. 

The  cases  in  the  mill  were  not  so  frequent  as  those  in 
the  mine,  but  nevertheless  there  were  several  well-defined 
attacks.  These  were  difficult  to  account  for  owing  to  the 
water  used  in  the  machines  there  was  absolutely  no  dust,  wbile 
in  one  case  the  man  attacked  was  a  mechanic  who  never 
had  to  handle  the  ore  or  to  work  with  his  bands  in  the  water 
from  the  machines ;  he  was  employed  for  the  repairs  and 
break-downs,  and  also  as  an  engine-driver,  so  that  his  case  was 
apparently  mysterious,  unless  his  somewhat  intemperate  habits 
predisposed  him,  and  rendered  him  less  capable  of  throwing 
off  an  incipient  attack. 

At  none  of  the  other  mines  in  the  neighbourhood  was  colic 
known  to  exist,  though  it  was  reported  that  years  ago,  when  the 
Villefranche  Mines  were  worked  near  the  surface,  the  mineral 
existed  under  similar  circumstances  to  those  in  the  mine  in 
question,  and  the  men  then  suffered  from  colic,  but  as  the  mine 
increased  in  depth  the  mineral  took  the   insoluble  form  of 
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sulphide  of  lead  and  was  followed  first  by  a  decrease  and  finally 
a  total  disappearance  of  it. 

In  the  case  of  slight  attacks,  and  as  a  preventive  against 
them,  the  following  is  a  good  prescription.  At  the  mines  to 
which  we  are  now  more  especially  referring  this  mixture  was 
made  up  in  large  quantities  in  the  laboratory,  and  given  free  to 
all  who  applied  for  it : — 

Formula  for  Preventive  Draught 


3  grammes  gentian  root 
I  litre  boiling  water 


Infuse  and  strain.     Make  up  the 
strained  liquid  to  i   litre  with 
water  and  dissolve  in  it 
466  grammes  sulphate  of  soda  (Glauber  salts) 
466        „        sugar. 

2  millilitres  (30  drops)  sulphuric  acid. 

Dose  :  i  wineglassful,  with  water  if  preferred. 

The  object  of  rendering  the  sulphate  of  soda  decidedly  acid 
is  to  bring  about  in  the  stomach  a  conversion  of  the  soluble 
salt  of  lead  into  an  insoluble  one,  and  so  render  it  innocuous, 
while  the  purgative  action  of  the  Glauber  salt  carries  away  all 
accumulations. 

The  above  draught  is  very  useful  in  slight  attacks,  and  the 
men  after  a  time  take  it  habitually.  Severe  cases  must,  of 
course,  be  subject  to  medical  care,  and  it  is  only  after  a  period 
of  intense  suffering  that  the  patient  recovers. 

One  of  the  surest  signs  of  lead  colic  is  the  appearance  on 
the  gums  of  a  thin  black  line ;  in  fact,  it  is  a  sure  and  certain 
evidence  of  the  existence  of  lead  in  the  system. 

The  medical  treatment,  which  consists  principally  of  the 
administering  of  opiates  and  aperient  medicines,  is  combined 
with  a  series  of  hot  baths,  in  order  to  induce  perspiration,  and 
so  help  to  carry  off  the  lead.  In  the  neighbourhood  of  the 
mines  here  referred  to  there  were  some  extensive  collieries,  and 
in  the  adjacent  valleys  were  hot  springs  containing  hydrosul- 
phuric  and  sulphurous  acids.  The  place  was  known  for  miles 
around,  and  was,  on  a  small  scale,  an  hydropathic  establish* 
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■a>  what  people  wok  to  dnnk  uid  tntfae  tbemselTts  in  the 
VMBV     Soneof  tfaeaicn  were  sent  to  this  place  by  the  advice   ' 
of  tfaev  docao^  is  mitr  lo  icomn  dtemx^rcs  after  axaeks  ut  ■  t 
edS^  and  Act  *<■£  mnA  iut^uLtl  to  find  that  tbor  sUd  | 
daapd  ten  iB  aaona)  lo  a  waath  datker,  in  ba  almost  UaxJc  ■ 
coloar,  after  tatng  ifac  baths.    Tim,  of  ctnne,  was  due  to  the 
lead  in  the  pores  of  tbe  ^da  being  conterted  by  the  water  into 
tbenlphidc. 

A  man  vbo  has  ooce  had  an  attack  of  lead  colic  b  mofe 
iobjeri  •.'.•  a  retTLm  of  ii  than  li  a  man  who  has  never  suffered, 
and,  as  we  have  afacadr  said,  it  is  bener,  in  die  inteieats  of  all, 
diat  dwse  who  are  Uable  should  be  asked  to  seek   week 


In  those  cases  tn  wfaicb  partial  pualysis  derdopSi  the  use 
of  decthcity  is  found  to  be  hencSdal ;  but  it  is  &r  better  for 
die  owners  of  tbe  mine  to  use  preventive  measures  and  to 
enforce  cleanliness  on  the  part  <rf  tbe  men,  even  at  the  cost  of 
pottii^  up  lavatories  fi:»  tbem  and  providing  them  with  special 
suits  of  woiking  dotbes,  to  be  changed  m  leaving  the  mine. 

The  rtdes  laid  down  by  the  engineer  of  tbe  French  Goreni- 
ment  may  be  summarised  as  follows : — 

(t)  The  a boUiion  of  vertical  shot-holes  except  where  abso- 
lutely necessary,  and  in  these  cases  the  liberal  use  of  water  tu 
prevent  the  making  of  dust 

(3)  Stringent  rules  against  drunkenness  and  riotous  livii^ 
which  predispose  the  men  to  attacks  of  colic. 

(3)  The  taking  of  food  in  the  mine  to  be  absolutely  for- 
bidden. 

(4)  The  washing  of  the  hands  and  face  and  the  cleaning  of 
the  finger-nails  when  leaving  the  mine,  and  especially  before 
eating,  and  the  frequent  use  of  baths  to  be  encouraged.  Proper 
appliances,  both  in  the  mill  and  at  the  exit  from  the  mine,  to 
be  put  up  and  kept  in  order,  so  that  the  men  may  have  no 
excuse  for  uncleanly  habits  and  for  not  washing  themselves. 

It  was,  of  course,  very  difficult  to  enforce  tbe  above  rules, 
and  impossible  as  jar  as  the  private  lives  of  the  men  were 
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concerned;  but  after  a  time  they  began  to  recognise  the 
benefit  derived  by  those  of  their  comrades  who  obeyed  them, 
so  that  finally  they  were  adopted  generally,  and  their  adop- 
tion was  followed  by  a  decrease  in  the  number  of  cases  of 
colic 

The  following  extract  from  Percjr's  *  Metallurgy  of  Lead ' 
is  an  account  of  the  treatment  applied  to  cases  of  lead 
colic  at  Gu/s  Hospital,  where  numerous  sufferers  from  this 
disease  are  relieved  : — *  In  the  majority  of  cases,  an  ounce  of 
castor-oil  mixed  with  ten  drops  of  laudanum  is  given  twice 
daily,  and  large  hot  poultices  of  linseed  meal  are  applied  to 
the  belly.  At  night  a  draught  consisting  of  40  drops  of 
Battley's  sedative  solution  (liquor  opii  sedativus)  in  camphor 
mixture  is  prescribed,  if  the  bowels  have  been  acted  upon  by 
the  oil  during  the  day.  In  severer  cases,  accompanied  by  ten- 
derness of  the  belly  and  retching,  bleeding  from  the  arm  to 
the  extent  of  16  to  20  fluid  ounces  may  be  practised  when  the 
patient  is  young  and  strong.  Pain  and  spasm  are  thereby  very 
quickly  allayed,  and  the  stomach  often  loses  its  irritability, 
and  immediately  afterwards  retains  food  and  medicine.  When 
the  patient  is  less  robust,  the  application  of  15  or  20  leeches  to 
the  belly,  followed  by  a  warm  poultice,  have  been  found  to 
produce  much  relief.  Castor-oil,  with  Battle/s  sedative  solu- 
tion, is  also  given  as  in  other  cases.  Clysters  of  this  oil  may  be 
resorted  to  when  the  stomach  is  too  irritable  to  retain  medicine, 
and  in  all  cases  a  pint  of  warm  gruel  injected  into  the  rectum 
greatly  soothes  the  patient' 

Prevention,  however,  is  far  better  than  cure ;  and  if  the 
manager  of  a  mine  finds  that  his  men  are  liable  to  suffer  from 
colic,  it  is  his  duty,  not  only  in  the  interests  of  humanity,  but  in 
those  of  his  employers  also,  to  improve  the  ventilation  of  his 
mine  so  as  to  prevent  the  inhalation  of  lead-ore  dust,  to  enforce 
personal  cleanliness  on  the  part  of  the  men,  and  to  forbid  them 
taking  their  meals  in  the  mine  or  with  hands  unwashed ;  while, 
in  severe  cases,  the  changing  of  the  clothes  on  entering  and 
before  leaving  the  works  and  the  frequent  use  of  baths  should 
be  made  a  rule, 

OQ 
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Depth  of  Workings. — I  may  include  in  this  chapter  a 
list  of  the  deepest  mines  in  the  principal  countries  of  the 
worid,  as  compiled  by  Mr.  W,  Rowley,  F.G.S.,  of  Leeds,' 
which  also  includes  the  deepest  shafts  of  coal  mines  : 


CouD.,, 

Nunc  oi  miiK 

DiitHct 

Mi«.l™k«i 

SS- 

, 

AustiiB 

Adoibcn 

Birkeabei^ 

Silver  and  Lead 

'•°93 

Belgium 

Viviers 

Gilly 

Coal 

940 

3 

Saxony 

Zwickaw 

Coal 

8» 

4 

Prussii 

Simon 

Si.  Andre 

sa»ei 

s« 

5 

Greal  BrilnLn 

Wigan 

Coal 

8i4 

6 

Norway 

Kongsbfrc 

Silver 

633 

7 

Hungary 

Anulia 

SchmeriU 

Gold  and  SUver 

S90 

8 

Pnisaia 

Saarbruck 

Coal 

55° 

9 

Spain 

LaLuerti 

Silver 

Sis 

Italy 

MoDle  Masio 

Gavanono 

Ligmte 

in. 

la 

Sweden 
Pays-bflS  (?) 

Bersbo 
Whilhelm 

Kerltrade 

^S" 

IS 

»3 

Bacl^n 

Hagenback 

Coal 

3&> 

14 

IS 

Potlugttl 
Bavaria 

Taylor 
Max 

^^^"^ 

ill 

tl 

Russia 

Tuqinsk 

Copper 

aoj 

To  the  above  may  be  added  the  Snallbeach  Lead  MiD« 
Shropshire,  which  is  now  463  yards  deep. 

■  afiningymnuil,  Oclober  aS,  i87& 


DETAILS  OF  MINING  COSTS. 


451 


ViLLBFRANCHB  MiNBS.    (See  onte^  p.  439.) 

Cost  of  Mining  and  Dressing  1,700  Tonnes  of  Mineral,  yielding 
170  Tonnes  of  Saleable  Ore.     One  Month's  Work.' 

Cost  0/  Mining, 


Per  tonne 

Per  tonne 

Mine 

of 

of 

Mineral 

Saleable  Or« 

I.  Labour — 

Francs 

Francs 

Levels  in  barren  rock 

I'OO 

10-00 

Sloping  of  mineral . 

430 

43-00 

Timbering      .... 

0*69 

6-90 

Tramming  to  surface 

1*05 

10-50 

Debris,  filling  up  of  stopes 

063 

6-30 

Drainage,  pumping 

o*o6 

0-60 

Ventilation,  maintenance  of    . 

o-o6 

o-6o 

Tools                      „ 

0*40 

4-00 

Engine  drivers 

0*25 

2-50 

Smiths  and  carpenters    . 

0'i6 

I -60 

Transport       .... 

0*09 

0-90 

Surveillance  .... 

0*48 

4-80 

Employ^,  clerks    . 

0*50 

5-00 

General  expenses    . 

2*00 

20 '00 

Total  labour  costs  .... 
2.  Material — 

11-85 

118*50 

Coal   for   winding-    and    pumping- 

engines 

0*42 

4-20 

Timbir .... 

059 

590 

Iron       .... 

o*oi 

0*10 

Steel      .... 

0*15 

1*50 

Powder .... 

2*60 

26-00 

Stores  and  general . 

0*90 

9-00 

Transport 

0*22 

2-20 

Total  labour  and  material,  mil 

ne 

1674 

1 

167-40 

'  A  French  tonne  »  2,015  lbs. 


eoa 
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3  RcTOlviog  5'  Uokenbach  tables 
I  Fixed  S-  Linkcnbach  lable  . 
I  PercussioD  table  . 
Empifing  slime  pits 
EnciDc  driver  and  as^sluil     . 
Sa»iiig  of  miDeral 
Traospom     .... 
Smiths  and  carpenlets  (main(enaDce) 
Sundry  labour  (mainlFoance) 
Sqrreillajice  (foremen)     . 
Employfa  (clerks,  &c )    . 
General  expenses   . 

Total  laboar  costs  . 

a.  Material- 
Coal      .... 
Sundry  small  stores 


Total  mining  and  dies^ng  .  {       23-89 


I -5° 

iS-oo 

0-40 

4-00 

0-I7 

170 

0-03 

0-30 

070 

013 

1-30 

0-04 

0-07 

070 
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VtLLEFKANCHE  Dressing  Mil 


a 

cu.^„j™, 

SI 

II 
jl 

■s 

■s-S 

ThickDeu 

Si«<JMii,e. 

il 

™e 

^d 

;ii. 

™ 

1 

i^dto^SS.^ 

t 

t 

i 

JSP 

'1 

9° 

30 

i 

30 

1 

fa 

■• 

MochSiM 

CI»<rfHiKnl 

CoDleBU 

Freduca 

PercuMion  Ubte        . 
du.  each.               1 

Slimei 

J  I.  Rich  u  4>  % 

1 
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CHAPTER  XU. 
ON  THE    mEATMENT  OF  ZINCIFEROUS  ORES.' 


Various  kinds  of  Zinc  Ores— Trealment  al  Leadville— Spence't  3 

Parnell's  Process —Electric   Processes — SeparBtioa   bf  Coacentrattoa 
and  Jigging— Table  of  results. 

The  economic  concentration  of  zinc  and  lead  ores  is  one  oS 
the  most  dilificult  problems  with  which  the  mining  engineer 
has  to  grapple. 

While  it  may  at  once  be  conceded  that  some  varieties  of 
these  ores  can  be  concentrated  profitably  by  mechanical  pro- 
cesses, it  must  be  admitted  that  the  greater  part  of  them  either 
cannot  be  concentrated  at  all,  or  if  so,  then  not  to  a  profit 

In  order  to  obtain  a  clear  view  of  the  subject  it  will  be 
necessary  to  say  a  few  words  on  the  general  characteristics 
of  the  various  ores,  and  for  this  purpose  I  would  roughly 
divide  them  into  the  following  classes:  (i)  ordinary  ores ; 
(a)  argentiferous  ores  ;  (3)  mixed  ores  ;  (4)  complex  ores, 

(i)  By  the  term  ordinary  ores  I  would  include  particularly 
the  ores  usually  met  with  in  England  and  Wales,  where  the 
galena  and  blende  occur  in  moderately  lar^e  crystals  and 
grains,  and  where  the  blende  seldom  carries  silver  of  any  value. 
The  mechanical  concentration  of  these  ores  is  an  easy  matter, 
and  produces  galena  of  70  to  80  per  cent  lead,  and  blende 
containing  49  to  50  per  cent.  zinc. 

(2)  Argentiferous  ores  containing  galena  and  blende 
.    In  districts  where  the  silver  value  in  the  concentrated 
galena  exceeds  that  of  the  lead,  the  blende  very  often  contains 

'  Contributed  by  Mr.  P.  A^all,  M.E.,  Denver,  Colotado. 
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a  considerable  amount  of  silver.  These  ores,  however,  in  the 
absence  of  iron  p3nites  and  minerals  of  a  similar  density  can  be 
concentrated,  producing  marketable  lead  and  zinc  minerals. 
The  silver  contained  in  the  zinc  concentrates  is  usually 
recovered  in  part  from  the  retort  residue  after  the  zinc  has 
been  distilled,  although  the  loss  usually  of  silver  in  the 
process  of  distillation  is  variously  estimated  at  from  30  to 
60  per  cent,  of  the  amount  contained  in  the  ore. 

In  some  ores  of  this  class  the  galena  is  in  fine  grains  and 
extremely  soft,  the  gangue  being  hard  quartz.  In  such  cases 
the  mechanical  loss  in  concentration  is  very  great,  owing  to  the 
extremely  fine  condition  of  the  minerals  in  the  crushed  ore, 
and  consequently  the  increased  difficulty  of  separation.  As  a 
general  axiom,  it  may  be  stated  that  in  proportion  to  the 
increasing  fineness  of  the  ore  so  does  the  mechanical  loss  and 
difficulty  of  concentration  increase. 

(3)  Mixed  Ores, — Under  this  heading  are  included  ores 
containing  galena,  iron  pyrites,  blende,  spathose  iron,  baryta, 
&c.,  occurring  in  moderate-sized  crystals  or  grains.  These 
ores  can  be  concentrated  so  as  to  save  the  greater  part 
of  the  galena,  throwing  off  the  other  minerals  as  waste  or 
tailings.  Should  these  other  minerals  contain  the  precious 
metals  in  appreciable  quantities — ^as  they  usually  do — the 
actual  metallic  value  of  the  tailings  is  often  greater  than  that 
of  the  concentrates  produced.  It  follows,  therefore,  that  in 
such  cases  the  word  '  concentration '  is  a  misnomer,  and  it  is 
better  to  candidly  admit  that  such  ores  cannot  be  concentrated 

The  so-called  Leadville  (Colorado)  ores  may  be  cited  as 
the  best  examples  of  this  class,  but  in  these  baryta  and 
spathose  iron  do  not  occur. 

(4)  Complex  Ores, — Under  this  heading  should  be  included 
all  the  ores  described  in  (3)  when  they  occur  in  very  fine 
grains,  or  as  one  mineral,  as  is  the  case  in  what  is  known  as 
bluestone,  a  mineral  containing  lead,  copper,  iron,  zinc,  &&, 
as  sulphides  in  such  an  intimate  mixture  as  to  make  it  impos- 
sible to  distinguish  any  of  them  even  with  a  powerful  glass. 

The  concentration  of  these  minerals  is  an  impossibility. 
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Treatment  of  Mixed  Ores  at  LeadvUJe,  Colorado. — ^The 
LeadviUe  ore  deposits  occur  in  a  blue  limestone,  chi^y 
towards  the  top  of  the  limestone,  at  or  near  the  contact  with 
ttie  overlying  white  porphyry.  They  are  variously  known  as 
blanket  veins,  contact  deposits,  &c.  The  limestone  near  the 
contact  is  usually  decomposed  and  changed,  and  is  separated 
from  the  porphyry  by  a  thick  layer  of  ferruginous  matter.  Ore 
in  paying  quantities  may  be  found  at  almost  any  point  in  this 
ferruginous  matter.  The  great  ore  deposits,  however,  occur  in 
well-defined  shoots,  some  of  which  vary  from  300  to  800  feet 
in  width,  and  are  in  places  over  100  feel  thick.  They  have 
been  followed  and  opened  out  for  over  a  mile  in  length. 
Above  the  water  level  of  the  district  these  vast  deposits  have 
been  almost  completely  oxidised,  the  lead  occurring  as  a 
carbonate  and  the  iron  as  oxide.  These  ores  vaij  very  much 
in  value  and  mineral  contents ;  some  of  them  are  silicious  \ 
the  majority,  however,  carry  an  excess  of  iron  over  silica. 

The  average  of  this  class  of  ore  at  Leadville  would  assay 
as  follows  : — Lead,  rs  per  cent. ;  silver,  12  ozs.,  and  10  per 
cent,  iron  over  silica,  and  is  worth  about  $16*50  per  ton,  less 
$4-50  for  smelting  charges,  or  say  %\i-<x>  net  per  ton  of 
2,000  lbs. 

The  low  grade  carbonate  ores  are  usually  concentrated  in 
mills  of  a  very  crude  design,  the  ore  being  treated  in  HaiU 
j^ers  and  vanning  machines,  no  attempt  being  made  to  treat 
with  the  very  iine  slimes  or  re-crush  the  'middlings.'  Under 
these  circumstances  it  is  not  surprising  that  the  silver  loss  in 
these  mills  varies  from  30  per  cent,  to  60  per  cent,  of  that 
contained  in  the  ore,  and  that  of  the  lead  from  10  per  cent  to 
so  per  cent. 

Below  the  water  level  the  Leadville  ores  are  found  in  the 
state  of  sulphides.  The  best  example  of  this  is  in  the  A.  Y. 
and  Minnie  mines.  Here  an  ore  shoot,  known  as  the  'Stone 
Shoot,'  which  contained  immense  deposits  of  carbonate  ore  in 
the  'Stone  Rock,*  'La  Plata,'  and  other  mines,  suddenly 
develops  into  a  sulphide  ore  in  the  A.  V.  and  Minni^  and 
continues  through  the  Colonel  Sellers  and  other  mines.    This 
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ore  is  a  mixture  of  galena  in  moderately  large  grains,  iron 
pyrites  and  zinc  blende,  each  mineral  carrying  silver  very  often 
in  the  same  proportions. 

The  following  is  a  recent  analysis  : — 

Lead 2030  % 

Zinc 2772 

Sulphur 30*03 

Iron 12*43 

Manganese 0*37 

Silica 6*00 

from  which  it  will  be  seen  that  this  ore  is  almost  a  pure 
mixture  of  the  sulphides  of  lead,  zinc,  and  iron.  Ore  of  the 
above  class  is  sold  to  the  lead  smelters,  who  charge  j^2o  per 
ton  for  smelting  charges  on  account  of  the  zinc  it  contains. 

An  attempt  is  being  made  to  concentrate  the  second  class 
of  ores  from  these  mines,  with  the  result  that  the  galena  is 
partially  separated,  together  with  the  heavier  parts  of  the  iron 
pyrites  and  blende  and  a  considerable  amount  of  silver,  and 
thus  a  comparatively  worthless  ore  is  rendered  saleable.  The 
ore  so  treated  varies  from  8  to  15  per  cent,  lead,  and  the 
tailings  contain  7  per  cent,  lead,  10  ozs.  silver,  and  30  per  cent, 
zinc. 

A  trial  was  recently  made  with  a  new  zinc  process  upon  a 
quantity  of  30  tons,  taken  from  the  dump  or  waste-heap  of 
the  Colonel  Sellers  mine  at  Denver,  and  gave  the  following 
analysis : — 

Lead 7% 

Zinc 24*4 

Silica 1-8 

Iron 24*2 

Silver II -9  ozs. 

The  dump  contains  about  90,000  tons,  and  the  metallic  value 
of  these  tailings  is  doubtless  in  excess  of  that  in  the  concen- 
trates from  a  given  quantity  of  the  ore,  but  up  to  the  present 
these  tailings  are  unsaleable. 

Owing  to  the  practical  impossibility  of  effecting  a  concen- 
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tration  of  the  mixed  ores  of  lead  and  zinc  by  any  mechanical 
process,  and  seeing  that  the  presence  of  this  latter  metal  has  a 
very  deleterious  effect  upon  the  lead  furnaces,  many  schemes 
have  been  devised  and  much  money  spent  in  order  to  perfect 
a  process  by  which  the  zinc  may  be  economically  extracted 
from  these  ores,  and  so  produce  a  residue  of  lead  ore  which 
can  be  readily  smelted. 

One  of  the  earliest  of  these  processes  is  that  known  as 
'Grimms,'  which  was  tried  in  Bohemia  in  1846.  The  zinC) 
ores  were  first  roasted  at  a  low  temperature,  and  the  greatec 
part  of  the  zinc  sulphide  was  thus  converted  into  the  sulphate. 
This  latter  product  was  then  leached  out  of  the  ore  with 
water,  and  the  unconverted  oxide  of  zinc  was  dissolved  ou^ 
with  sulphuric  acid.  Sulphate  of  zinc  was  prepared  from  the 
solution,  and  used  in  the  manufacture  of  the  sulphuric  acid. 
The  process,  however,  was  not  a  financial  success. 

In  1864  a  Mr.  Spence,  of  Manchester,  took  out  a  patent 
for  '  separating  zinc  from  its  ore.'  Mr.  Spence  experimented 
chiefly  with  the  mineral  known  as  'Bluestone,'  which  occun 
at  the  Parys  Mountain  in  Anglcsea,  and  at  Connorme^  Ca 
Wicklow,  Ireland.     The  process  was  as  follows  : — 

(t)  Reducing  the  ore  to  pass  through  a  sieve  of  sixty  holes 
to  the  linear  inch. 

(a)  Hydrochloric  acid  of  sp.g.  i*ai  is  stirred  cold  with 
the  ore  into  a  paste,  and  then  lefl  to  stand  for  seventeen  days. 

(3)  The  stuff  is  leached  with  hot  water,  which  dissolves  out 
the  chloride  of  lead. 

(4)  The  residual  line  sulphide  freed  from  lead  is  treated 
by  the  usual  zinc  extraction  process. 

It  appears  that  the  hydrochloric  acid  acts  only  upon  the 
lead  sulphide,  while  the  sulphide  of  zinc  is  untouched.  The 
process,  however,  seems  only  suitable  for  ores  containing  a 
high  percentage  of  zinc  and  but  little  silver. 

In  1879  a  Mr.  E,  A.  Famell,  of  Swansea,  took  out  a  patent 
for  a  zinc  process,  and  large  works  were  erected  at  that  town 
to  carry  it  out ;  in  fact,  so  great  was  the  success  that  in  1882 
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a  second  establishment  was  put  up  at  Swansea,  called   the 
*  Complex  Ore  Works.' 

The  Pamell  process  is  as  follows  : — 

(i)  The  roasting  of  the  ore  at  a  low  temperature  in  muffle 
furnaces,  from  where  the  sulphurous  fumes  evolved  were  con- 
veyed to  condensing  chambers  and  converted  into  sulphurous 
acid.  About  one-third  of  the  zinc  in  the  ore  was  changed  into 
the  sulphate  during  the  roasting,  while  the  remaining  two-thirds 
were  reduced  to  the  oxide. 

(2)  The  leaching  of  the  roasted  ore  with  sulphuric  acid 
and  water.  This  practically  removed  all  the  zinc  and  precious 
metals,  and  left  the  lead  and  iron  in  the  residue,  forming  a  very 
desirable  smelting  ore. 

(3)  The  evaporating  of  the  zinc  sulphate  solutions,  and  the 
mixing  of  a  small  quantity  of  zinc  sulphide  therewith. 

(4)  The  heating  of  the  dried  sulphates  and  sulphides  in 
a  closed  retort;  the  result  of  this  being  that  oxide  of  zinc 
remained  in  the  retort  and  sulphurous  acid  was  given  off  and 
conveyed  to  the  condensing  chambers  for  conversion  into 
sulphuric  acid,  to  be  again  used  in  the  process. 

As  before  stated,  the  process  was  a  commercial  success  as 
long  as  a  suitable  supply  of  ore  could  be  obtained,  and  the 
following  is  an  estimate  of  the  cost  of  erection  of  a  plant  for 
treating  50  tons  of  ore  per  day,  and  of  the  cost  of  treatment 
and  profit  to  be  expected,  based  upon  the  actual  results 
obtained. 

Cost  of  works,  with  all  suitable  machinery—  engines,  mills, 
tanks,  magazines,  &c.— in  working  order,  capable  of  treating 
50  tons  per  day  =  ^83,848. 

Taking  the  following  as  an  average  assay  of  the  ore  which 
would  be  treated  with  the  mill  working  at  its  full  rate  per  day, 
then  the  cost  would  amount  to  ffs'75  P^^  ton,  including  all 
charges  for  interest,  depreciation,  and  insurance  :— 

Zinc  25^^  =:  in  50  tons  of  ore  25,000  lbs. 

Lead  10%  =  „         „  lo,ooo  „ 

Silver      10  oz.  s         ,,        ,,  500  ozs. 
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Experience  teaches  that  all  the  lead  and  silver  in  the  ore 
may  be  recovered  by  the  Pamell  process,  and  from  So  to 
90  per  cent  of  the  zinc. 

The  zinc  having  been  extracted  from  the  ore  and  the 
residue  sold  to  the  lead  smelters,  the  products  bring: — 

Residae    9596  of   500  ozs.  of  silver,  assuming 

New  York  quotation  to  be  93  cents      /441 75 

10,000  lbs.  lead  at  l^  c  per  lb.   .         .        125-00 

Zinc  20,000  lbs.  zinc  at  2^  c.  per  lb.  net     .        500-00 

(8096  of  25,000  =»  20,000)  

Total    ....  /i,o6675 

The  cost  of  producing  the  above  is  : — 

50  tons  of  ore  delivered  at  works  in  Denver  /492*05 

Coit  of  treatment  at  /57S        .         .                  .  287*50 
Cost    of   smelting  residue,  including  transport, 

35  tons  at  /i  -oo 35*00 

Total  cost  of  production    .        .      /8i4*55 

Gross  value  of  ore 1,06675 

Cost  of  production Si4*55 

Net  value  profit  .         .      ^252 -20 

Which  is  equivalent  to  a  net  profit  of  $S'oo  per  ton. 

A  process  for  the  separation  by  means  of  electricity  of  the 
zinc  from  these  ores  was  tried  in  1882  by  a  M.  L^trange  at 
Romilly  and  St.  Denis,  in  France.  This  process  was  similar 
to  that  of  Pamell  up  to  the  point  where  the  zinc  is  leached  out 
as  a  sulphate.  The  sulphate  liquor  was  conducted  into  a 
series  of  tanks  and  exposed  to  electrolytic  treatment,  by  means 
of  which  the  zinc  was  deposited  in  the  metallic  state  and  the 
sulphuric  acid  set  free,  to  be  again  used  in  leaching  fresh  ore. 
This  is  a  highly  ingenious  process,  and  if  the  zinc  could  be 
deposited  rapidly  and  cheaply  it  would  have  a  brilliant  future. 

A  verified  experiment  on  the  electrolysis  of  zinc  sulphate 
by  this  process  shows  that  it  required  an  expenditure  of 
5  horse-power  for  one  hour  to  deposit  one  kilogramme  (2*2  lbs.) 
of  zinc,  which  is  but  a  poor  result. 
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According  to  theory,  an  expenditure  of  2*6  horse-power  per 
hour  should  liberate  i  kilo,  of  zinc ;  there  is,  therefore,  ample 
room  for  improvement  between  the  practice  and  the  theory  of 
this  interesting  process. 

Various  other  processes  in  which  electricity  is  called  in  aid 
have  been  tried,  and  I  may  instance  that  of  Lsunbotte-Doncets, 
which  was  tested  at  the  Bleyberg  mines.  In  this  process  the 
roasted  ore  is  treated  with  hydrochloric  acid,  and  the  chloride 
of  zinc  thus  obtained  is  submitted  to  the  action  of  the  electric 
current,  with  graphite  anodes  and  zinc  cathodes.  Another 
method  is  that  of  Lucknow,  whose  process  is  based  upon  the 
use  of  zinc  ore  as  an  anode.  The  cathode  is  a  zinc  plate  and 
the  anode  a  mixture  of  ore  and  coke.  By  this  method  the 
zinc  is  extracted  directly  from  the  ore  and  deposited  in  the 
metallic  state  by  electricity. 

Other  processes  on  somewhat  similar  lines  to  those  given 
have  been  tried,  but  hitherto  none  of  them  have  met  with  a 
marked  commercial  success. 

Concentration  of  Mixed  Ores  of  Lead  and  Zinc} — Speaking 
from  my  own  experience,  obtained  during  an  extensive  trial  of 
the  mechanical  concentration  of  an  ore  containing  an  average 
of  about  15  per  cent,  lead  and  30  per  cent,  zinc,  mixed  in 
very  fine  grains— so  much  so,  indeed,  that  under  the  micro- 
scope a  grain  of  apparently  pure  galena  would  have  a  piece 
of  blende  attached  to  it — I  would  warn  all  mill  managers 
against  this  class  of  ore,  which  in  point  of  fact  cannot  be 
economically  concentrated  to  a  marketable  form,  although 
practically,  and  if  crushed  to  an  impalpable  powder,  it  can 
be  separated  into  its  constituent  minerals. 

I  will  first  of  all  give  the  results  obtained  from  what  was 
more  or  less  a  laboratory  test,  though  conducted  with  full-size 
rollers,  jiggers,  and  slime  separators,  and  then  the  results 
obtained  by  running  the  mill  in  the  ordinary  manner  upon  a 
large  quantity  for  a  week. 

The  mineral  was  first  crushed  by  means  of  crushing-rolls  to 
below  I  millimetre.      The  classification  was  first  by  means  of 

»  JJotc  by  E.  H.  D, 
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sieves  of  1 1|  millimetre,  and  then  by  '  spitzkastens '  having  an 
upward  current  of  water  for  the  slimes.  The  grains  of  i^ 
millimetre  were  enriched  in  jiggers  with  a  percussion  action, 
and  the  slimes  were  treated  on  revolving  Linkenbach  tables. 

The  weight  of  the  crude  ore  was  142  kilos.,  and  from  this, 
by  sieving,  a  weight  of  16  kilos,  of  sand  of  li^  millimetre  was 
obtained.  These  sands  were  treated  in  ihe  jiggers,  and  produced 
a  small  quantity  of  lead  ore  (f84 kilos.),  containing  66-31  per 
cent.  Pb  and  735  per  cent,  zinc,  and  another,  but  larger, 
quantity  of  zinc  blende,  as  will  be  seen  from  the  tabulated 
results  which  I  aimex. 

The  slimes  were  classified  in  a  '  spitzkasten,'  and  then  de- 
livered direct  to  the  rotating  tables,  giving  the  results  shown 
under  samples  3,  4,  7,  8  of  the  tabular  statement.  The  mixed 
products  from  the  jiggers  would  require  a  further  crushing 
before  they  could  be  separated,  while  the  mixed  slimes  would 
have  to  be  si^nt  through  ihe  '  spit^.kastcns '  again  to  be  enriched. 

The  above  trial  was  made  with  the  utmost  care,  and  after- 
wards a  working  trial  was  made  in  the  mill  on  a  quantity  of  about 
a$  tons  per  day  for  a  week.  The  whole  of  the  mineral  obtained 
from  the  jiggers  having  sieves  with  holes  over  r  millimetre  dia- 
meter was  of  far  too  mixed  a  character  to  be  marketable,  and  had 
to  be  re-crushed  down  to  i  millimetre  and  under,  thus  creating 
an  exceptional  proportion  of  slimes.  The  results  then  obtained 
were  somewhat  similar  to  those  in  the  annexed  table,  but  the 
quantities  of  pure  galena  and  pure  blende  were  so  small  in  pro- 
portion to  the  bulk  of  dressed  ore,  which  averaged  34  per  cent, 
zinc  and  15  per  cent.  Fb,  that,  combined  with  the  increased 
cost  of  hne  grinding  and  the  decreased  output  so  necessitated, 
it  was  decided  to  discontinue  the  experiment  and  abandon  the 
working  of  that  class  of  ore. 

The  market  value  of  the  dressed  ore  containing  34'34  pet 
cent  zinc,  17  per  cent.  Pb,  and  carrying  366  grammes  of  silver 
per  ton  of  Pb,  was  in  1888  9366  francs,  or  say  3/,  15J.  per 
ton  delivered  at  Lifege,  and,  apart  from  the  difficulty  in  con- 
centration, was  insufficient  to  pay  for  the  costs  of  mining  and 
nulling. 
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CHAPTER  XLII. 

Olf  THE  SALE  AND  SAMPUNG   OF  LEAD   OSES.* 

Sunpling  the  Oie  for  Sile — Sale — Smelteis'  Scalea^Exunptn  of  KngHJ; 
and  French  Scales  for  Lead— Examples  of  Scalei  for  Mixed  Ores  of 
Zinc  and  Lead — Examples  of  Scales  for  Blende. 

The  sampling  of  the  ore  for  sale  is  one  of  the  most  importaof 
operations,  and  should  be  conducted  with  the  greatest  personal 
care  by  the  manager,  so  that  disputes  may  be  avoided  with  the 
buyers,  and  the  chance  of  dishonest  sampling  by  a  clerk  or 
agent  lessened. 

If  the  ore  is  sacked  up  daily  as  it  is  produced  by  the  mill 
the  sampling  is  conducted  as  follows.  The  previous  day's  pro- 
duction is  carefully  turned  over  and  mixed  several  times,  great 
care  being  taken  to  break  up  the  tumps  of  fine  ore  or  slimes 
(the  hand-picked  ore  is,  of  course,  not  included),  and  then  the 
sacking  is  commenced.  As  each  sack  is  filled,  two  or  three 
spoonfuls  of  mineral  are  taken  out  and  emptied  into  a  bos,  and 
so  on  with  each  sack  until  the  cargo  is  big  enough  to  send  off. 

The  box  will,  therefore,  contain  a  sample  of  each  bag,  and 
from  it  the  official  sample  is  taken  from  which  the  assays  detv- 
mining  the  value  of  the  cai^o  are  made.  We  will  leave  this 
official  sample  for  a  moment 

The  ore  is,  of  course,  sold  by  dry  weight,  and  as  it  always 
contains  more  or  less  moisture,  a  humidity  sample  must  also  be 
taken  on  the  very  day  on  which  the  cargo  is  shipped,  so  that 
the  actual  amount  of  moisture  in  it  at  the  last  weighing  may  be 
ascertained  and  deducted. 

For  this  purpose  every  twelfth  or  fifteenth  sack  is  put  on 
one  side  when  loading,  and  the  contents  of  these  sadts  are 
'  Chapter  bjr  E.  H.  D. 


DETERMINATION  OF  MOISTURE.  465 

afterwards  emptied  in  a  heap,  then  well  mixed  and  spread  out 
on  the  sampling-floor,  and  from  this  the  humidity  sample  is 
taken  in  the  same  way  as  the  official  sale  sample  is  done,  as 
will  be  presently  described.  The  humidity  sample  must  be 
tested  for  moisture  immediately  after  it  has  been  taken,  and 
not  allowed  to  stay  over  to  the  following  or  any  other  day. 

The  moisture  is  ascertained  in  the  following  way.  A  kilo- 
gramme, or  any  desired  quantity,  is  weighed  out  and  dried  in  an 
iron  dish  on  a  sand-bath  kept  at  100^  Centigrade,  until  the 
moisture  in  the  ore  is  all  driven  off.  This  is  ascertained  by 
holding  a  small  mirror  over  the  surface  of  the  ore,  when  if  it 
becomes  cloudy  or  misty  it  is  a  sure  sign  that  moisture  is  being 
driven  off,  and  that  the  mineral  is  not  sufficiently  dry.  As 
soon  as  no  moisture  is  deposited  on  the  surface  of  the  mirror 
'the  mineral  is  weighed  again,  and  the  loss  is  the  amount  of 
humidity  in  the  ore.  This  varies  greatly  according  to  the  state 
of  the  weather,  the  amount  of  slimes,  and  the  appliances  used 
for  drying  the  ore. 

Returning  now  to  the  official  assay  sample,  which  is  safely 
under  lock  and  key,  it  becomes  a  question  to  reduce  its  bulk, 
but  not  to  reduce  its  quality  in  the  slightest,  for  as  its  bulk 
diminishes  the  opportunity  for  fraud  increases,  until  finally  a 
pinch  or  small  spoonful  of  rich  or  sterile  matter,  according  to 
the  end  desired,  would  effectually  adulterate  the  sample. 

The  reduction  of  the  sample  is  usually  conducted  in  a  room 
kept  for  the  purpose,  and  this  room  is  well  swept  out  and 
cleared  before  the  operation  commences.  The  mineral  is  then 
emptied  out  on  the  floor,  and  is  well  and  thoroughly  mixed  up 
for  half  an  hour  or  more,  and  is  then  flattened  out  in  a  square 
heap  a  few  inches  thick,  according  to  the  quantity.  If  this 
heap  is  too  big  to  be  sampled  from  direct  it  must  be  reduced. 
For  this  purpose  it  is  divided  into  four  parts,  and  two  of  them 
are  rejected,  while  the  remaining  two  are  again  mixed  and 
spread  out  This  reduction  can  be  carried  on  until  only  some 
50  kilos.,  or,  say,  a  hundredweight,  remain. 

The  sample  thus  reduced  is  then  dried  and  crushed  to 
powder  until  it  will  pass  through  a  3  mm.  or  ^^  m.  hole,  and 
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it  is  then  again  thoroughly  mixed,  and  from  this  the  sample 
boxes  are  filled  up. 

The  number  of  tin  sample  boxes  required  is  always  tttree, 
and  may  be  more,  according  to  circumstances ;  they  are 
covered  with  paper,  on  which  is  written  the  date  of  the  caigo 
and  its  wet  and  dry  weights,  and  then  they  are  tied  up  and 
sealed.  One  of  these  boxes  goes  to  the  buyer,  the  second  to 
the  assayer  of  the  seller,  white  the  third  is  kept  safely,  and  in 
case  of  dispute  is  sent  to  a  well-known  impartial  assayer  decided 
upon  by  both  parties,  and  his  assay  of  this  sample  is  con- 
sidered conclusive  in  case  of  any  grave  difference  between  the 
assays  of  the  other  two.  A  representative  of  the  buyer  should 
be  present  at  the  taking  of  both  the  humidity  and  the  assay 
samples,  and  it  is  usually  arranged  to  exchange  the  results  of 
the  assays  on  the  same  day.  There  should  be  no  great 
difference  between  them,  especially  if  there  is  a  desire  to  be 
honest  on  both  sides,  and  if  the  slightest  disposition  to  the 
contrary  is  shown,  it  is  well  to  change  your  buyer  at  once  and 
have  no  further  dealings  with  him. 

The  sample  of  the  hand-picked  ore  is  taken  by  putting 
aside  every  tenth  bag  or  so,  according  to  the  quantity,  on  the 
day  of  loading  up.  These  sample  bags  are  then  crushed  up 
by  a  small  hand-crusher,  and  the  crushed  sample  reduced  as 
already  described.  As  the  hand-picked  ore  is  usually  quite 
dry,  no  humidity  sample  need  be  taken. 

We  should  perhaps  have  taken  the  question  of  sale  before 
that  of  sampling,  seeing  that  the  method  of  sampling  is  usuaUy 
fixed  by  the  contract  of  sale. 

We  purpose  describing  the  procedure  adopted  for  the  sale 
of  ores  frono  a  French  mine  to  English  and  German  buyers, 
rather  than  to  deal  with  the  sale  of  ore  In  England  itself. 

While  the  dressing  mill  is  being  erected  the  question  of  the 
best  market  for  the  ore  becomes  an  important  one,  and  to 
ascertain  this  samples  of  the  mineral  ore  sent  out  to  various 
smelting  works  and  the  rates  of  carriage  to  these  works  are 
carefully  ascertained  from  the  railway  or  navigation  companies. 

It  is  well,  if  possible,  to  deal  direct  with  the  smelters,  and 
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not  with  a  firm  of  mineral  merchants,  who  are  but  middlemen 
working  upon  commission.  If  the  quantity  for  sale  is  to  be 
large  and  regular  the  smelting  companies  will  probably  send 
their  representative  over  in  order  to  try  and  arrange  a  contract 
for  the  whole  production  of  the  mine  for  a  term  of  years,  or  for 
the  delivery  of  a  certain  quantity  of  ore  independently  of  the 
time  required  to  deliver  it  in.  The  best  manner  to  proceed  is 
to  arrange  with  two  or  three  respectable  firms  to  take  a  sample 
cargo  of  20  to  50  tons  before  signing  any  fixed  contract ; 
for  it  may  happen  that  one  firm  is  in  want  of  that  particular 
class  of  ore,  or  has  special  processes  for  treating  it,  and  so  will 
give  a  special  '  scale '  or  formula,  and  favourable  conditions 
for  its  purchase. 

It  must  not  be  imagined  that  lead  ore  is  bought  by  any  such 
simple  process  as  buying  coal,  for  example.  On  the  contrary, 
several  deductions  will  have  to  be  made.  First  of  all,  the  whole 
of  the  lead  in  the  ore  is  not  paid  for :  in  some  cases  so  many 
units  are  deducted,  in  others  so  much  per  cent,  of  the  metal  is 
paid  for ;  this  is  to  cover  the  loss  in  smelting.  Next  there  are 
the  *  returning  charges '  or  cost  of  smelting,  which  in  some 
scales  are  made  to  vary  according  to  the  percentage  of  lead  in 
the  ore,  while  in  others  they  are  fixed  for  ore  averaging  a 
certain  percentage.  After  making  these  deductions  the  value 
of  the  silver  less  the  cost  of  desilverisation  has  to  be  added, 
and  the  total  less  a  discount  is  the  market  value  of  the  ore. 

The  following  is  an  example  of  a  scale  for  the  purchase  of 
argentiferous  lead  ore  containing  from  40  per  cent,  lead  and 
upwards,  and  from  20  ozs.  of  silver  up  to  100  ozs.,  over  which 
amount  the  silver  is  paid  for  by  special  arrangement.  The 
scale  is  one  offered  by  an  English  firm  for  the  purchase  of  lead 
ores  in  the  South  of  France,  and  is  for  ore  ex  ship  at  Swansea. 
To  arrive  at  the  value  of  the  ore  at  the  mine,  all  carriage  from 
the  mine  to  Bordeaux,  and  expenses  at  that  port  as  well  as  the 
freight  from  Bordeaux  to  Swansea,  and  charges  at  Swansea, 
must  be  deducted  ;  this  latter  amounts  to  about  8«.  6d,  per  ton 
English,  equal  to  1,015  kilos.  French. 

The  basis  price  for  the  lead  is  to  be  the  average  value  of 
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pig  lead  at  Marseilles  for  ihe  month  succeeding  delivery.     To 
calculite  the  price,  deduct  5  units  from  the  percentage  in  lead 
ind  the  following  reluming  charges  : — 
F.ii  ote  &f  70  %  P^  Mii^  over 


69I065 

59  ..  SS 
S4  .,  5° 


41     6 

43    « 


SI     6 

The  price  of  the  silver  is  found  as  follows.  The  basis  price  to 
be  that  of  fine  silver  in  London  for  the  month  following  de- 
livery. No  fraction  less  than  Jrf.  to  be  taken — e.g.  41.  3-A^  = 
4s.  31/.,  and  41.  oji/.  s=  41.  oji/. 

Price  per  ounce  when  silver  is  at  4J.  2d.  :— 


61  to   7oon.  3 


.  3    4t 
,   3    4i 


.    8o„   3    Si 
3    6 

3    6i 


(In  these  prices  the  cost  of  desilverisatii^n  is  the  difference 
between  the  price  given  per  oz.  and  the  market  price  of  fine 
silver,  and  it  will  be  noticed  that  the  richer  the  ore  is  in  silver 
the  less  is  the  cost  of  dcsilverisaiioa) 

The  following  is  an  example  of  how  the  above-mentioned 
scale  is  worked  out  in  practice.  It  must  be  remembered  also 
that  the  price  arrived  at  is  for  dry  weight,  and  in  all  cases  is 
less  two  months'  interest  at  bank  rate  for  cash. 

Example  for  ore  containing  50  per  cent  lead  and  26J  ozs.  of 
silver.  Let  Ihe  value  of  pig  lead  at  Marseilles  beta/,  ijs.  6d.  per 
ton,  and  that  of  fine  silver  at  London  be  4s.  2d.  per  oz.,  then 
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Deduct  returning  chaises  of  50  96  Ore 

Value  of  the  lead  per  ton 

Add  value  of  26]  ois.  silver  at  y.  2^. 

Value  at  Swansea 

Deduct  cost  of  carriage  and  freight,  say 

Value  of  above  ore  at  mine  per  Ion 
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The  above  is  an  example  of  an  English  scale,  but  it  is  with 
great  difficulty  that  French  sellers  will  accept  it,  as  to  them 
the  values  and  weights  are  all  according  to  English  tables,  and 
they  will  not  agree  to  the  weighing  and  sampling  being  done 
on  arrival  at  Swansea ;  they  insist  that  the  weights  and  samples 
taken  at  their  mines  at  the  date  of  the  departure  of  the  mineral 
be  accepted,  and  that  the  returning  charges  be  fixed,  and  not 
variable,  according  to  the  percentage  of  metal  in  the  ore. 

We  were  once  interested  in  trying  to  arrange  a  contract  for 
the  sale  of  the  produce  of  the  mines  of  a  French  company  to 
an  English  smelting  firm,  according  to  a  scale  somewhat  similar 
to  the  above,  but  it  was  all  labour  lost,  and  could  not  be 
brought  about  One  of  the  directors  of  this  French  company 
was  a  colonel  in  the  army,  and  a  clever  mathematician,  and  he 
reduced  the  above  scale  to  a  form  in  which  it  was  more  accept- 
able to  French  minds  while  it  allowed  for  the  variation  in  re- 
turning charges  on  which  the  English  firm  insisted,  and  as  his 
manner  of  calculation  is  both  of  interest  and  serves  to  introduce 
what  we  have  to  say  about  French  scales  or  formulae,  we  now 
annex  a  translation  of  it : — 

Let  A^  be  the  number  of  kilogrammes  of  silver  contained 
in  the  mineral  per  tonne  of  1,000  kilos. 

„    A  be  the  price  per  kilo,  of  silver  in  the  market. 

„  A^A  be  the  value  of  the  silver  contained  in  a  tonne  of 
mineral. 

„  P^  be  the  number  of  100  kilos,  of  lead  contained  in  a 
tonne  of  mineral. 

„    P  be  the  price  per  100  kilos,  in  the  market 

„    P^P  be  the  value  of  the  lead  contained  in  a  tonne  ot 

mineral.     We  have  taken  the  unit  of  price  at  100 

kilos.,  as  in  commerce  the  rate  is  fixed  on  this  basis. 

A^A  +  P^P=the  value  of  the  metallic  portion  per  tonne 

of  mineral. 

But  on  the  one  hand  mineral  is  sold,  and  not  metal,  there- 
fore a  first  reduction  must  be  allowed  for  the  costs  of  smelting. 
Call  this  F/ 
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On  the  other  hand,  the  two  metals  are  not  delivered  in  a 
free  state,  but  combined.  A  further  reduction  must  therefcve 
be  made  for  the  costs  of  desilverisation.    Call  this  F^ 

Lastly,  the  mineral  is  not  sold  at  its  destination,  but  at 
the  station  from  which  it  is  sent  off.  There  is,  therefore, 
a  further  reduction  to  be  made  for  cost  of  carriage.  Call 
thisF/. 

The  value,  therefore,  of  a  tonne  of  mineral  is  found  by  the 
formula  V= A^A  +  P^P  -  F/-  F^-F/. 

To  find  ¥f  on  the  returning  charges.  The  smelting  or 
returning  charges  should  increase  as  the  mineral  becomes 
poorer,  and  diminish  as  it  becomes  richer,  and  would  be  nil  if 
the  amount  of  sterile  were  reduced  to  zero,  which  is  impossible, 
or,  in  other  words,  if  there  were  only  pure  metaL  Therefore, 
by  our  figuring,  the  sterile  is  equal  to  i,ooo—  loo  P^— A^,  and 
consequently  the  returning  charges  are  equal  to 

F/'=M  (1,000—100  Vb—Kg), 

The  ratio  of  the  lead  to  the  silver  is  characteristic  of  the 
mineral,  and  consequently  we  have  A^=mP^, '  m '  being  always 
very  small,  and  we  then  have  ^=M(i,ooo— P^  (100 +m), 
and  by  putting  loo  +  w  as  equal  to  a,  ^^M(i,ooo— rtP^). 

Next  to  find  F</=  costs  of  desilverisation.  These  costs  are 
greater  as  the  ratio  of  lead  to  silver  increases.  If  the  lead  were 
reduced  to  zero  there  would  still  be  some  smelting  charges  to 
deduct,  but  since  the  silver  would  be  alone,  there  would  be  no 
costs  for  desilverisation.  From  this  we  find  that  the  desilver- 
isation costs  are  proportioned  to  the  ratio  —  ;  but  in  industry 

as  one  enriches  in  lead  one  loses  in  silver,  or,  in  other  words, 
one  increases  Vb  while  diminishing  A^,  and  since  the  increase 

in  lead  is  always  more  rapid  than  the  decrease  in  silver,  — 

increases  always  with  Vb ;  we  can,  therefore,  always  considei 
the  desilverisation  charges  as  proportional  to  P^,  then  F^= 
NP^. 

The  cost  of  carriage,  F/,  varying  with  the  distance  and  the 
tariff  between  the  consignor  and  consignee,  remains  constimt 


FRENCH  FORMULA  OR  SCALE.  47 1 

during  the  time  that  the  tariff  remains  fixed,  and  for  a  fixed 
distance  =T.    We  have,  therefore,  F/=T. 

It  results,  then,  from  all  that  precedes  that  the  value  of  a 
tonne  of  mineral  is  given  by  the  formula  V=A^A  +  P^P— M 
(i,ooo— aP^)  —  NP^— T;  and  by  developing,  carrying  out, 
and  reducing  these  operations,  it  follows  that  V  =  AgA.  +  Td 
(P + a  -  N)  - 1,000  M  -  T.  Now  let  N — a=x  and  1,000 +T==>r, 
and  we  shall  finally  have  V=A^A+P^  (P-:r)— >r.  The 
values  X  and  y  remain  to  be  fixed 

Now  the  usual  French  formula,  in  which  no  allowance  is 
made  for  variable  returning  charges,  is  the  following  : — 

V=A^A+o-93P^  (P--5-5)— 8o'5,  according  to  which  the 
full  value  of  the  silver  is  paid  for  (A^A)  according  to  the  Paris 
market,  while  93  per  cent,  of  the  lead  is  paid  for  less  80*5  firancs, 
of  which  sum  52  francs  are  the  fixed  returning  charges  and 
28*50  francs  the  cost  of  carriage,  and  less  5*5  francs  per  ton  of 
lead  paid  for,  for  costs  of  desilverisation. 

If  to  this  formula  we  add  a  fourth  term  3(P^— 5),  which 
is  nil  for  P^=S,  equal  to  3  for  P^=6,  and  equal  to  6  for 
P^=7,  and  so  on,  equal  to  —3  for  P^=4  (that  is  to  say, 
for  the  percentages  in  lead  "Pd  40  per  cent,  50  per  cent, 
60  per  cent,  70  per  cent,  &c.),  we  shall  conform  to  the  propo- 
sitions of  the  English  scale,  which  requires  varying  returning 
charges. 

This  formula V=A^a+o-93P^(P—5-5)-8o'So+3  (P>-5) 
is  reduced  to  V=A^a+P^(3+o*93(P— 5*5))— 95*50,  and  if 
we  equal  it  to  the  formula  V=A^A+P^(P—:r)—>',  we  must 
conclude  in  the  first  place  that  the  relative  percentage  of  the 
silver  is  always  equal  in  the  two  formulas  whatever  may  be  the 
quantity  of  the  silver  and  the  market  price  of  the  metal ;  and 
in  the  second  place  that  the  constants  should  be  equal, 
.•.^=95-50. 

It  follows,  then,  that  Fd  [3 + 0*93  (P  -  5 -5)] = P^  (P  -  x),  and 
whatever  may  be  the  percentage  of  lead,  in  order  to  determine 
X  the  following  will  serve:  3+o'93P— o-93X5*S=P— iflp,  or 
jc=o-o7P  +  2'ii5  ;  and  if  we  base  ourselves  upon  the  average 
price  of  lead,  we  have  P=32  and  a:=4'355. 
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We  will  admit,  ttierefore,  in  round  figures  the  followit^ 
fonnula:  V=AgA.+PHP-^-3s)-95- 

This  fonnula  seems  to  us  to  be  absolutely  radonal,  Mxord- 
ing  to  truth  and  theory,  and  it  gives  results  identical  with 
those  of  the  English  scale ;  and,  lastly,  it  is  much  more  simple^ 
malcing  the  calculations  much  more  rapid,  and  avoiding  errors 
and  difficulties  between  the  contiacdng  parties. 

Such  was  the  idea  put  forward  by  the  director  of  the 
French  company  as  to  how  the  scale  regulating  the  sale  of  the 
ore  should  be  drawn  up  ;  but  as  the  English  ftim  insisted  upon 
their  scale  with  dehvery  at  Swansea,  a  bargain  was  never 
arrived  at,  and  the  ore  was  sold  to  a  French  buyer  on  behalf  ctf 
a  German  firm,  whose  works  were  situated  on  the  Rhine. 

As  an  example  of  how  the  purchase  and  sale  of  ore  is 
carried  on  in  France,  and  between  French  and  German  firms^ 
or,  in  foct,  between  all  countries  using  the  decimal  system,  the 
following  may  be  taken  as  embodying  the  general  conditions  of 
sale  : — 

I.  Ninety-three  per  cent  of  the  lead  contained  in  the  ore 
is  to  be  paid  for  according  to  the  average  price  of  lead  at 
Marseilles  for  the  month  of  delivery. 

3.  The  silver  contents  arc  to  be  paid  for  according  to  the 
average  price  of  fine  silver  at  Paris  for  the  month  of  delivery. 

3.  The  returning  charges  for  ore  of  a  minimum  of  50  per 
cent  lead  are  5a  francs  to  be  deducted.  For  each  unit  below 
50  per  cent,  the  returning  charges  are  to  be  increased  by 
50  centimes  per  unit. 

The  costs  of  transport  (this  varies  for  each  mine)  are 
$2-$o  frs.  per  tonne,  and  are  to  be  deducted. 

4.  Deduct  for  desilverisation  5  50  hrs.  per  100  kilos,  of  the 
lead  paid  for. 

5.  Terms  cash,  less  i  per  cent,  discount ;  80  per  cent  of 
the  value  of  the  cargo  to  be  paid  on  bill  of  lading ;  the  re- 
mainder on  arrival  of  ore  and  assay  of  samples. 

An  invoice  for  100  tonnes  of  ore,  containing  45  per  cent 
Pb  and  744  grammes  of  silver,  would,  upon  the  above  con- 
ditions, work  out  as  foUows,  taking  value  of  lead  at  Marseilles 
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at  31  frs.  per  100  kilos.,  and  value  of  silver  at    Paris  at 
15979  frs.  per  kilo. 

Pb  45  96  X  0-93  »  41 -85  frs. 

Pb  4185  X  31  frs.  per  100  kilos.        •        .     —     12973*50 
Ag  74400x15979 -     11888*37 

frs.        24861*87 
Deductions — ^Transport      .        .        .       »     28*50 
Returning  charges  52  frs.  +  5 
units  at  50  centimes    for 
45  %  ore  .        .       =     54-50 

Total  returning  charges .        .83-00 

83  frs.  X  100  tonnes  .        .        =  8300 
Desilverisation,  41850  x  5  -50    a  2301  -75        10601 75 

14260*12 

Discount  1 96 .        .        .        .         .        •        142*60 

Total  value  of  100  tonnes  of  above  ore  

at  mine a       14117*52 

a  141*17  frs.  ^  5A  I2X.  la^  per  tonne. 

In  arranging  the  sale  of  ore  according  to  this  system, 
endeavour  should  be  made  to  get  the  returning  charges  reduced 
to  as  low  a  figure  as  possible,  for  the  market  values  are  beyond 
the  control  of  the  seller,  and  he  must  accept  the  quotations 
either  at  one  place  or  another,  usually  London,  Havre  or  Mar- 
seilles for  lead,  and  London  or  Paris  for  silver.  With  regard 
to  the  increase  of  50  centimes  per  unit  in  the  returning  charges 
for  ore  of  less  than  50  per  cent.  Pb,  this  is  usually  avoided, 
especially  in  the  case  of  a  mill  which  has  been  at  work  some 
time,  by  inserting  a  clause  in  the  contract  to  the  effect  that  the 
average  percentage  of  lead  in  the  deliveries  for  one  month 
shall  not  be  below  a  fixed  figure,  and  so,  by  arranging  the 
dressing  operations  in  the  mill,  it  can  always  be  kept  to  that 
percentage. 

Personally  we  have  found  it  more  pleasant  and  advan- 
tageous in  the  case  of  a  French  mine  to  sell  the  ore  according 
to  their  method,  they  accepting  the  samples  and  weight  found 
at  the  mine.    No  difficulty  was  ever  experienced,  as  ^reat  car^- 
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was  taken  both  in  the  weighing  and  sampling,  and  no  impoi- 
taot  differences  were  ever  found  between  these  operations 
conducted  at  the  mine  and  those  made  as  a  control  by  the 
buyers  at  their  works,  whereas,  while  using  the  same  care,  when 
selling  to  an  English  firm  there  was  always  consideiable 
difficulty  in  arriving  at  a  settlement,  as  complaints  were  made 
of  important  differences  in  the  sampling,  loss  of  weight  in 
transit,  and  of  the  '  turn  of  the  scale '  not  being  given. 

Mixed  Ore  and  Zinc. — It  is  not  improbable  that  some  of 
our  readers  will  have  to  deal  with  the  mixed  ore  of  which  we 
have  already  treated  in  Chap.  XLL,  and  also,  and  still  more 
probably,  with  blende  or  sulphide  of  zinc. 

The  mixed  ores  containing  lead,  zinc,  and  silver  are  not  of 
much  value  at  present,  as  there  is  no  cheap  process  by  which 
the  metals  may  be  recovered,  although,  as  we  have  seen,  the 
Americans  are  endeavouring  to  find  a  practical  and  economical 
way  of  doing  so.  We  fear,  however,  that  until  some  smelting 
process  is  discovered  for  separating  these  metals  the  cost  of 
conducting  a  wet  process  will  prevent  its  coming  into  use  on  a 
large  commercial  scale. 

We  once  endeavoured  to  sell  some  of  these  ores,  and  the 
following  are  the  scales  offered  for  their  purchase.  A  iirm  at 
Li^e,  in  Belgium,  made  the  following  offers  : — 

I.  All  the  zinc  found  in  the  assay  to  be  paid  for,  less  lo 
units  of  its  percentage,  at  the  market  price  at  London,  less 
5  per  cent  a.  All  the  lead  to  be  paid  for,  less  8  units,  at  the 
price  of  175  fr.  per  unit.  3.  The  silver  to  be  paid  for  at  the 
price  of  6  centimes  per  gramme  above  150  grammes;  less 
than  which  amount  it  is  not  paid  for. 

From  the  price  found  as  above,  50  frs.  to  be  deducted  for 
returning  chaises,  and  the  result  is  the  price  given  for  the 
mineral  delivered  at  the  works  at  Li^e. 

The  following  is  an  example  of  the  application  of  the 
above  formula  or  scale  for  an  ore  containing  30  per  cent.  Zn, 
^15  per  cent  Pb,  and  600  grammes  of  silver  ; — 

Assuming  that  zinc  at  London  is  worth  50  frs.  per  100  kilos., 
thevalue  of  the  zinc  paid  for  in  the  oie  is  ^^  x  50  =  47'5o  ^ 
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The  value  of  the  metals  is  established  as  follows  : — 

frs. 

Value  of  Zn  3096  — lo  units  =  20  or  200  k.  xlZ^s    95*00 

100 

„      Pb  i5%-8units  =  7x  i75frs.  .     =    12*25 

„      Ag6oognns.  — 150=450x0*06  frs.    .     =    27*00 

134-25 
Deduct  returning  charges 50*00 

Value  of  I  tonne  of  mineral  at  Li^e     .        .       =84*25 

The  same  firm  offered  the  following  scale  for  a  mixed  ore 
differing  slightly  from  the  above  : — 

Mineral  containing  35  per  cent.  Zn,  17  per  cent.  Pb,  366 
grammes  Ag. 

Quotation  of  zinc  at  London,  19/.  los.  per  ton  English  of 
1,015  kilos.  B=  491*4  frs. 

The  value  per  100  kilos.  =  l?ll±2ii?E?  =  frs.  48*40 

1015 


Less  5% 


.   48*40  x^= frs.  45*98 
100 


The  value  of  the  mineral  is  calculated  as  follows  : — 

Zn  35  9b— 10=" 25  96  or  250  kilos,  to  the  tonne        frs. 

250x15^=114-95 


•100 


Pb  17  96-8  =  9  X  1-75  frs.  per  unit 
Ag  366  -  150  =  216  X  o*o6  frs. 

Deduct  returning  charges    . 
Value  of  mineral  at  Li^e  . 


.     -   15*75 
.     -   12-96 

14366 
50-00 

.     =  93*66 


A  firm  at  Bleyberg,  in  Belgium,  offered  the  following  scale 
for  a  similar  class  of  mineral  containing  34*34  per  cent.  Zn, 
and  1 5 '40  per  cent.  Pb,  with  340  grammes  of  silver  per  tonne 
of  mineral : — 


=  p/T-(?±i)\_ 


V  =  P  (^  -  vTfil/ )  _  60  frs. 


) 
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V  =  the  value  of  i,odd  kilos,  ol  mineral  delivered  at  Bleyberg. 

P  =  the  price  net  of  speller,  less  5  per  cent-  below  the  market 
price  at  London  for  the  month  of  delivery,  and  less  a 
deduction  of  ij  per  cent,  for  difference  between  the 
English  and  French  tons, 

T  =  the  percentage  of  linc  in  mineral. 

The  lead  to  be  paid  for  at  the  rate  of  150  frs.  per  unit 
above  8  per  cent. 

The  silver  to  be  paid  for  at  the  rate  of  6  centimes  per 
gramme  for  every  gramme  exceeding  150, 

Payment  in  three  months. 

It  wili  be  inferred  from  the  above  examples  that  the  mixed 
ores  of  lead  and  zinc  do  not  pay  to  work  unless,  in  the  first 
place,  the  cost  of  mining  is  low,  and,  in  the  second,  the  mines 
are  situated  close  to  the  smelting  works. 

Blende.—  Owing  to  the  price  of  spelter  or  nnc  having  gone 
up  recently,  many  lead  mines  which  had  slopes  containing 
blende  started  to  work  them  again  with  a  view  to  increasing 
their  profits,  and  as  this  may  happen  again,  we  annex  two 
scales  for  the  benefit  of  those  managers  of  lead  mines  who 
may  he  in  the  future,  as  we  have  been  in  the  past,  desirous  of 
increasing  their  returns  by  working  the  slopes  in  their  mines, 
which,  especially  near  the  outcrop,  may  contain  blende. 

(ij  The  first  scale  is  an  English  one,  and  is  for  ore  delivered 
at  Swansea ;  the  cost  of  carriage  from  the  mines  to  Swansea 
will,  of  course,  have  to  be  deducted. 

RuU.—Y\Qm.  the  metallic  contents  of  the  ore  in  rinc 
deduct  one-fifth,  multiply  by  the  price  of  spelter  in  London, 
deduct  2/.  13J.  f>d.  for  returning  charges,  and  the  result  is  the 
value  of  the  ore  at  Swansea.    The  silver,  if  any,  is  not  paid  for. 

Example  ;  spelter  at  14/.,  ore  coDtaining  45  96  Zn. 

4S-J  =  36'«4i-|^  =  'CS  o  9 
Deduct  Teluming  charges  .  .  .  a  13  6 
Value  of  ore  at  Swansea  p«r  too .     ■•  a    7    } 
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(2)  A  scale  given  by  a  Belgian  firm  for  the  purchase  of 
blende,  delivered  at  Antwerp  at  the  same  date,  and  in  competi- 
tion with  the  above  English  scale,  gives  a  better  result,  and  is 
as  follows  : — 

The  ore  to  be  paid  for  at  the  rate  of  90  frs.  per  1,000  kilos, 
for  stuff  containing  50  per  cent.  Zn,  free  at  Antwerp,  with  a 
variation  of  3*25  frs.  per  unit  of  percentage,  more  or  less. 
The  silver  to  be  paid  for  at  the  rate  of  6  centimes  per  gramme 
for  every  gramme  over  the  first  150. 

The  above  scale  would,  for  45  per  cent,  ore,  work  out  at 
3/.  per  ton  for  ore  delivered  at  Antwerp,  in  comparison  with 
the  English  scale  (No.  i)  for  th'e  same  ore  delivered  at 
Swansea  for  2/.  ys,  ^d. 

Law-percentage  Ore, — We  once  had  to  deal  with  a  large 
quantity  of  low-percentage  lead  ore,  which,  as  it  came  from  the 
mine,  contained  about  20  per  cent.  Pb.  The  question  was  as 
to  whether  it  would  pay  better  to  sell  it  in  its  undressed  con- 
dition, or  to  enrich  it  in  the  usual  manner ;  and  so,  more  out 
of  curiosity  than  otherwise,  we  asked  a  Swansea  firm  for  their 
scale  for  ore  of  this  class,  and  they  offered  the  following  for  a 
trial  cargo  of  1,000  tons,  delivered  at  Swansea: — 

For  ore  containing  20  per  cent.  Pb,  i/.  lyx.  per  ton  of 
mineral,  less  3^.  per  unit,  down  to  15  per  cent 

For  ore  of  2 1  per  cent,  and  upwards,  3X.  per  unit  increase. 

Silver  paid  for  at  the  rate  of  3^.  6d,  per  ounce. 

We  trust  that  the  above  examples  of  scales  will  be  of  use 
to  other  mine  managers.  They  will,  at  any  rate,  show  the 
advisability  of  procuring  quotations  from  various  firms,  and  of 
minutely  studying  the  question  of  carriage  before  accepting 
any  one  offer.  As  to  whether  it  is  better  to  make  a  contract 
for  the  sale  of  the  production  of  the  mine  for  a  certain 
limited  time,  independently  of  the  quantity,  or  to  make  it  for 
a  certain  quantity  irrespective  of  the  time,  we  think  it  more 
prudent  to  limit  the  contract  by  time  and  not  by  quantity,  as 
in  the  first  case  it  is  known  that  at  a  certain  fixed  date  the 
contract  will  terminate,  and  a  chance  be  given  of  obtaining 
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better  conditions  from  another  fimi  of  smelters,  white,  if 
quantity  alone  determines  the  contract,  it  is  impossible  to  fix 
the  date  of  its  expiration,  as,  on  the  one  hand,  if  all  goes  well, 
and  the  daily  production  is  steady  and  increasing  and  the  mill 
in  constant  work,  the  contract  may  expire  at  an  early  date  ; 
while,  on  the  other,  if  the  output  is  irregular,  through  strikes, 
floods,  accidents  in  the  mine  or  mill,  or  from  any  of  the  other 
unforeseen  causes  which  are  constantly  interrupting  regular 
work,  the  contract  may  continue  indefinitely  and  become 
a.  source  of  annoyance  to  buyer  and  seller  alike. 

Care  should  also  be  taken  to  deal  only  with  fint-class 
firms,  who  have  a  reputation  to  lose,  and  who  are  most 
scrupulously  honest  in  their  dealings,  who  will  neither  tampet 
with  the  samples  themselves,  nor  allow  their  agents  either  to 
do  it  or  to  bribe  your  workmen  to  do  so. 

The  seitlcmems  should  be  made  monthly,  and  any  little 
differences  promptly  settled,  and  not  put  off  to  another  day  or 
allowed  to  drag  on,  for  they  have  a  habit  of  accumulating  if 
left  alone,  so  that  little  points  which  could  easily  have  been 
arranged  amicably  grow  and  become  serious,  and  may  end  in 
the  cancelling  of  the  contract,  if  not  in  the  law  cotuts. 
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CHAPTER  XLIII 
GENERAL   CONSIDERATIONS, 

Large  Proportion  of  Unprofitable  Mines — Unsuccessful  British  Mining  in 
America — Causes — Want  of  Knowledge  of  First  Principles— Insufficient 
Capital— Excess  of  Unproductive  Capital — Exorbitant  Prices  paid  for 
Mines — Expensive  General  Management — The  Management  of  Mines 
— Mine  Gambling — Selection  of  suitable  Milling  Process — Rules  to  Re- 
gulate the  Sale  and  Purchase  of  Mines — Possible  Reduction  in  the  Cost 
of  Working  Mines— Remedies — Possible  Future  of  successful  Mining — 
Concluding  Observations. 

Admitting,  as  I  think  we  must,  now  that  we  are  approaching 
the  end  of  our  inquiries,  the  great  scientific  and  mechanical 
interest  attaching  to  metalliferous  mines  and  mining,  it  is  hu- 
miliating to  have  to  confess  that  the  majority  of  mining  enter- 
prises are  commercial  failures. 

It  is  still  more  humiliating  to  be  obliged  to  admit  that  this  , 
confession  applies  with  particular  force  to  mining  in  the  British 
Isles,  and  the  more  so,  since,  for  their  size,  these  islands  are 
the  most  highjy  mineralised  portion  of  the  earth's  surface.  A  / 
larger  proportion  of  mines  pay,  as  far  as  can  be  ascertained,  for 
working,  in  America  and  in  Germany ;  and  the  worst  of  it  is, 
that,  as  a  rule,  the  most  unsuccessful  mines  in  North- Western 
America  are  those  worked  by  English  companies  and  under 
English  management.  It  is  said  that  of  American  mines  intro- 
duced into  this  country  within  the  last  seven  years,  all  but  one 
or  two  have  been  failures,  and  have  entailed  a  loss  of  money 
amounting  to  10,000,000/. 

Then  there  are  between  500  and  600  lead  mines  in  this 
country,  of  which  scarcely  fifty  are  paying  a  profit  There  are 
104  copper  mines,  making  returns  of  ore,  of  which,  I  do  not 
think,  more  than  a  dozen  are  worked  profitably.     Indeed,  we 
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may  safely  assume  that  the  proportion  of  mipiofitable  to  pn>- 
fitable  mines  is  ten  to  one. 

This  is  a  serious  state  of  things,  and  one  that  almost 
amounts  to  a  national  disgrace,  and  it  behoves  us  to  seriously 
consider  whether  it  arises  from  unavoidable  difficulties,  inherent 
in  mining,  or  whether  any  part  of  the  cause  of  failure  may  be 
moved 

Mining  is,  at  the  best,  an  adventurous  business,  and,  as 
such,  it  is  a  business  for  energetic  and  adventurous  men, 
bom  explorers,  who  have  time  or  money,  or  both,  to  spare. 
Happily,  there  are  plenty  such. 

If  my  readers  have  followed  this  book  closely,  they  must,  I 
think,  have  come  with  me  to  the  conclusion  that  mining  need 
not  be  such  a  risky  business  as  it  is,  and  that  the  dispropor- 
tionate number  of  unsuccessful  mines  maybe  considerably  re- 
duced. P^or,  first,  there  are  a  good  many  such  mines  that, 
hitherto  from  want  of  knowledge,  have  been  opened  in  strata 
where  there  can  be  little  or  no  prospect  of  success.  I  know  of 
many  such — lead  mines,  for  example — whose  explorations  are 
now  being  pushed  forward  in  the  soft  black  Lingula  Flags  below, 
and  in  the  unproductive  Bala  beds  above,  the  Llandeilo  lead 
strata.  One  case  occurs  to  me,  where  a  *  lead  mine '  has  been 
struggling  for  years  in  the  Wenlock  Shale  of  North  Wales,  the 
discovery  of  an  occasional  string  or  bunch  of  galena  enabling 
the  explorers  to  defy  the  geologists. 

Numbers  of  mines,  too,  in  limestone  districts  are  being  un- 
successfully worked  in  shale,  grit  beds,  and  the  unproductive 
dark  limestone  beds.  Here,  then,  is  a  laige  class  of  mines 
which  are  unsuccessful  on  account  of  the  ignorance  of  their 
promoters  and  managers  of  the  first  principles  governing  the 
accumulation  of  ore  deposits. 

The  same  ignorance  has,  I  fear,  often  led  to  the  loss  of 
much  money  in  unwise  explorations  in  the  known  productive 
horizons  of  ore. 

There  are  mines  also  tiot  owe  their  abandonment  to  want 
of  sufficient  capital.  The  costs  and  losiible  requirements  of 
the  undertaking  had  not  been  carefully  considered  in  the  fiist 
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instance.  It  is  the  old  story,  oft  repeated,  of  '  beginning  to 
build,  and  not  being  able  to  finish.'  The  result  has  been  in- 
adequate machinery  to  cope  with  the  water,  the  expenditure  of 
what  money  there  was  in  an  endeavour  after  immediate  surface 
results,  an  inability  to  pay  the  rent,  and  the  lapse  of  the  lease  ; 
and  in  some  mines  of  real  worth  a  sum  of  money  being  paid 
yearly  for  bank  commission  and  interest  that  of  itself  would 
pay  a  moderate  dividend  on  the  capital  actually  necessary  for 
the  establishment  of  the  mine.  To  mining  readers  more  than 
one  Cornish  mine  will  afford  illustrations  of  this. 

Another  group  of  unsuccessful  mines  owe  their  failure  to  a 
mistake  in  an  opposite  direction  to  the  last,  which  is  the  over- 
loading of  the  mine  with  unnecessary  and  unproductive  capital. 
Sums  of  from  10,000/.  to  70,000/.  are  asked  and  paid  for  mines 
which  a  few  moments  of  ordinary  business  thought  will  show 
could  not  at  the  best  ever  pay  a  mining  profit  on  more  than 
one-fourth  of  the  sum,  to  say  nothing  of  the  additional  capital 
required  for  working  them.  The  misfortune  is,  that  the  very  great 
success  of  one  or  two  mines  in  a  country,  like  the  richness  of  one 
or  two  prizes  in  a  lottery,  throw  a  glamour  and  haze  over  the 
minds  of  the  people  who  invest  in  such  undertakings,  and  who, 
unfortunately,  are  usually  people  of  limited  means,  who  are 
eager  to  become  rich,  or  to  increase  their  scanty  means. 

The  last-named  group  of  unsuccessfiil  mines  is  closely  asso- 
ciated with  another  group,  which  is  ruined  by  expensive  man- 
agement and  working.  If  we  imagine  a  company  formed  in 
London,  with  a  lord  for  its  chairman,  and  a  general  and  a 
colonel  among  its  durectors,  with  a  managing  director,  a  secre- 
tary, and  a  consulting  referee,  in  order  to  manage  and  carry  on 
an  ordinary  grocery  business  in  a  small  country  town,  we  have 
supposed  something  that  is  not  a  whit  more  ridiculous  than  are 
the  confederations  firequently  established  to  work  good  little 
mines  which,  at  the  most,  cannot  yield  more  than  the  profits  of 
a  grocery  business.  These  mines,  and  there  are  numbers  of 
them,  would  pay  a  moderate  profit  to  a  limited  local  partner- 
ship, but  the  little  profit  is  more  than  swamped  by  the  remune- 
ration and  travelling  expenses  of  directors,  secretary,  engineers, 
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and  the  like.  Happily,  we  find  many  such  mines  paying  such 
local  partnerships,  especially  where  one  of  the  owners  resides 
or  is  often  at  the  mine. 

The  baneful  influence  of  the  two  last  causes  extends  to  the 
local  management  of  the  mines.  The  mine  is  worked  and 
the  reports  are  made  too  often,  it  is  to  be  feared,  with  a  view  to 
the  *  bull '  and  *  bear '  operations  on  the  stock  market,  and  often 
with  a  view  to  the  money  to  be  made,  or  the  greater  share  in 
the  mine  to  be  secured  by  a  reconstruction  or  a  refloating  of 
the  company,  after  a  preliminary  winding-up. 

The  fact,  too,  that  more  money  is  made  in  good  times  by 
floating  such  mines  than  by  working  them,  induces  a  gamblii^ 
and  reckless  spirit  among  all  the  officials,  and,  it  may  b*^ 
among  the  miners  at  a  mine. 

It  will  also  be  found  that  at  mines  which  have  been  dearly 
paid  for,  and  are  expensively  managed,  the  prices  paid  for 
driving,  sinking,  stoping,  and  for  most  work  out  of  sight, 
average  higher  under  equal  conditions  than  do  those  paid  at 
mines  worked  for  business  profit  under  careful  personal  man- 
agement. 

k  Turning  to  foreign  mines  worked  by  Englishmen  we  see  a 
w  which,  from  their  extraordinary  riches,  do  pay.  The  re- 
ainder  suffer  from  the  causes  already  enumerated.  They  also 
suffer  from  others.  Most  British  mines  in  America,  for  example, 
suffer  fi"om  litigation.  *  Jumpers,'  as  they  are  called,  set  up 
prior  claims,  and  as  in  the  newly  settled  countries  they  and 
their  class  form  the  courts,  and  sometimes  supply  the  judges, 
the  verdict  usually  goes  against  the  stranger. 

Then  there  are  the  questions  of  boundary,  which  are  ever 
cropping  up,  for,  as  the  United  States  mining  law  allows  a  lessee 
to  follow  the  lode  downwards  wherever  it  leads,  in  doing  so  he 
often  gets  into  other  people's  property.  And  then  there  is  the 
question,  *  What  is  a  lode  ? '  An.  American  court,  for  example, 
has  recently  decided  in  the  dispute  between  the  Eureka  (ax 
American)  and  the  Richmond  (a  British  company)  tliat  thf 
mass  of  mineralised  limestone  of  Ruby  Hill  (fig.  41),  a  ma? 
nearl>  as  thick  as  the  mass  of  our  Northumberland  or  Denbigh 
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shire  limestone,  is  a  lode  !    Of  course,  in  such  an  unsatisfac- 
tory condition  of  the  law,  there  can  be  no  security  for  investors. 

Then  it  must  be  confessed  that  the  English  management 
of  mines  in  Western  North  America  has  been  far  inferior  to 
that  of  the  Americans  of  their  own  mines. 

We  have  often  sent  abroad  mine  managers  who,  good  enough 
in  Cornwall,  knew  nothing  of  the  different  conditions  of  the  ore 
deposits  there.  Well-intentioned  and  intelligent,  too,  as  many 
of  them  were,  they  were  under  the  direction  of  incompetent 
men,  whose  chief  qualification  for  the  post  of  general  manager 
or  managing  director  seems  to  have  been  that  they  had  failed 
in  everything  else.  If  to  all  this  we  add  the  essential  difficul- 
ties of  mining,  the  distances  to  travel,  the  cost  of  carriage  of 
materials,  the  temptation  to  agents  to  be  careless  and  neg- 
lectful, and  of  workmen  to  skulk  and  be  idle,  we  gain  an 
idea  of  the  difficulties  that  he  in  the  way  of  successful  mining 
at  a  great  distance  from  the  seat  of  its  direction. 

On  the  Management  of  Mines} — The  author  of  a  standard 
work  upon  mining  matters  says,  in  one  of  his  books,  that  '  it  is 
a  great  mistake  for  gentlemen  who  do  not  understand  mining 
to  embark  their  all  in  it,  especially,  as  is  too  commonly  the 
case,  when  their  capital  is  limited  to  a  few  thousands,  and 
they  enter  into  the  undertaking  for  the  sake  of  a  managing 
salary  and  a  living.  The  issue  generally  is  that  the  develop- 
ment is  carried  on  by  feeble  attempts,  gets  crippled  and  drags 
on  to  a  premature  death  ;  but  if  by  chance  it  survives,  it  only 
yields  respectable  poverty  to  all  connected  with  it ;  whereas, 
if  sufficient  capital  had  been  put  into  it,  under  more  favourable 
auspices,  it  would  have  proved  a  lucrative  undertaking. 

*  One  great  drawback  to  the  success  of  a  mine  is  that  gen- 
tlemen proprietors  are  continually  interfering  in  the  manage- 
ment, leading  to  neglect  and  disappointment  on  the  part  of 
those  in  charge  and  disastrous  government.*  * 

The  above  remarks  are  very  true,  and  clearly  define  what  a 

»  Note  by  E.  H.  D. 

*  The  Engimer's  Valuing  Assistant ,  by  H.  D.  Hoskold,  M.E., 
F.R.G.S.     Longmans,  Green  &  Co.,  London,  1877. 
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manager  should  not  be  and  how  the  management  should  not 
be  conducted.  I^t  us  now  consider  some  of  the  qualities 
which  should  be  sought  for  in  a  manager.  First  of  all  he  should 
have  received  a  thorough  education  as  a  mining  engineer,  not 
of  necessity  at  a  school  of  mines,  but  in  every  case  as  an  ap- 
prentice to  an  engineer  in  full  practice  and  upon  the  mines 
themselves,  after  which  he  should  have  held  the  position  of 
assistant-manager  or  in  an  equivalent  position  either  at  a  home 
or  a  foreign  mine,  where,  in  addition  to  the  ordinary  routine  of 
mining  work,  he  would  have  had  occasion  to  make  himself  a 
master  of  a  new  language  and  a  new  series  of  mining  laws. 

Such  a  training  should  make  a  man  not  only  master  of  his 
business,  but  should  also  teach  him  the  art  of  governing  and 
controlling  men,  for  not  only  must  his  will  be  paramount  with 
all  under  his  orders,  but  it  must  also  be  sufficiently  strong 
to  combat  even  his  board  of  directors  upon  points  where  his 
technical  knowledge  and  special  acquaintance  with  the  circum- 
stances of  the  case  render  this  necessary. 

A  good  manager  cannot  make  a  bad  mine  a  success,  but 
he  can,  and  often  does,  carry  on  the  work  of  a  poor  mine 
without  absolute  loss  until  better  times  prevail,  and  he  can 
make  a  brilliant  success  of  a  good  mine  which  in  less  able 
hands  would  struggle  along  with  but  meagre  dividends.  And 
to  this  end  a  clear  knowledge  of  accounts  and  a  careful  system 
of  book-keeping  are  essential,  as  well  as  a  determination  to  have 
twenty  shillings*  worth  of  work  done  for  a  pound.  No  slipshod 
work  will  do  here  ;  from  day  to  day  the  manager  should  know 
whether  he  is  working  at  a  profit  or  loss,  while  his  weekly  or 
monthly  statements  should  be  accurate  in  every  detail,  without 
any  endeavour  to  minimise  the  extent  of  any  loss,  or,  on  the 
other  hand,  to  exaggerate  the  value  of  any  profit,  and  should 
be  a  faithful  record  of  the  work  done  both  underground  and 
on  the  surface  during  the  period. 

This  may  seem  exacting,  but  it  can  be  accomplished,  and 
the  extra  salary  of  a  clerk  is  well  earned  if  by  his  book-keeping 
he  can  find  out  and  stop  the  leak  which  would  otherwise  wreck 
the  whole  undertaking. 
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Another  most  important  point  is  the  stores,  and  upon  this 
I  would  lay  great  stress ;  and,  indeed,  the  state  in  which  the 
stores  are  kept  may  be  taken  as  a  rough  test  of  the  efficiency 
of  the  management  of  the  whole  mine.  A  sufficient  supply  of 
all  the  articles  in  daily  use  at  the  mine  must  always  be  kept  in 
stock,  and  their  cost  and  consumption  watched  with  as  great 
care  as  a  tradesman  would  use  in  his  shop,  otherwise  the  men 
will  get  into  careless  and  wasteful  habits  which  appreciably 
affect  the  cost  of  working ;  and  above  all,  if  the  manager  desires 
to  keep  peace  with  his  board,  and  avoid  costly  delays,  must  he 
watch  that  there  are  always  duplicate  parts  of  machines  in  hand 
to  at  once  replace  any  of  those  which  suffer  the  greatest  wear 
and  tear  and  are  the  most  likely  to  break  down.  I  have  known 
a  mill  stand  idle  for  days  because  there  was  not  a  spare  set  of 
piston  rings  in  stock,  while  the  running  short  of  lubricating  oils 
or  grease  for  the  mill  is  as  inexcusable  as  the  scarcity  of  explo- 
sives for  the  mine. 

The  costly  experimenting  with  new  processes  and  so-called 
improvements  in  machinery  is  another  way  in  which  an  inex- 
perienced manager  is  liable  to  be  led  astray.  As  a  general 
rule,  experiments  of  this  nature  can  only  be  indulged  in  when 
the  mine  is  paying  well  by  the  usual  methods,  and  there  is  a 
little  balance  at  the  bank  which  will  allow  of  them  without 
endangering  the  regular  profits. 

The  position  of  a  manager  is,  I  know  from  experience,  by 
no  means  an  easy  one.  On  the  one  hand,  there  is  the  daily 
anxiety  and  fatigue  attendant  upon  the  successful  carrying  on 
of  the  work  of  the  mine  without  accident  to  man  or  ma- 
chine ;  and  on  the  other,  the  letters  and  sometimes  conflicting 
instructions  from  the  board,  which  require  most  careful 
attention. 

There  is  only  one  other  point  upon  which  I  would  touch, 
and  that  is,  that  while  I  agree  that  a  manager  should  have  a 
personal  interest  in  the  success  of  his  ovm  mine,  I  would 
strongly  urge  that  he  be  prohibited  from  any  speculation  in  that 
of  others,  and  he  should  not  be  allowed  to  have  any  dealings 
at  all  in  stocks  and  shares. 
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General  rules  for  the  selection  of  processes  for  treatment  oj 
ores, — The  question  as  to  which  particular  process  to  adopt  for 
the  treatment  of  the  ore  from  any  given  mine  is  most  difficult  to 
decide,  and  in  many  cases  it  is  desirable  to  have  a  careful  trial 
made  of  several  tons  of  the  ore  at  a  milling  and  testing  works 
before  deciding  upon  any  special  make  or  pattern  of  machinery. 
For  this  purpose  the  principal  makers  of  mining  and  coiKren- 
tradng  machinery  have  a  testing  plant  erected  at  their  own 
works,  and  where  business  is  likely  to  result  are  always  will- 
ing to  make  an  experimental  trial  of  the  ore  before  advising 
as  to  the  type  of  machinery  which  they  consider  the  most 
suitable.^ 

The  following  general  rules  will,  however,  serve  to  indi- 
cate the  process  to  be  selected  for  the  ores  commonly  met 
¥rith. 

If  free  gold  can  be  panned  out  and  no  sulphides  =  free 
gold  milling. 

Free  gold  found,  but  also  sulphides,  which,  on  being 
panned  out  after  free  gold  separated,  assay  sufficiently  well  to 
pay  for  treatment  afterwards  =  free  gold  miUing,  with  van- 
ning machines  for  tailings,  chlorination,  or  smelting  for 
product 

Free  gold  in  small  quantities,  but  much  silver  present  as 
sulphides  =  roasting  milling,  or  free  gold  milling,  vanners,  and 
smelting ;  or  copper  plates,  vanners,  and  pans. 

Chloride  of  silver  ores  and  decomposed  silver  vein  out- 
crops, over  6  ozs.  per  ton  =  free  silver  milling. 

Silver  ores  consisting  of  part  chloride  or  decomposed,  and 
part  silver-bearing  sulphides  =  free  silver  milling,  vanners,  and 
smelting ;  or,  if  grade  of  ore  is  high  =^  roasting  milling. 

Low-grade  silver  ores,  with  grey  copper  tellurides,  ruby, 
brittle,  or  native  silver  =  fine  concentration  and  smelting. 

Heavy  mineralised  ores  of  lead,  copper,  zinc,  after  carrying 
silver  =  coarse  concentration  and  smelting. 

*  Extracted  from  catalogue  of  Messrs.  Frascr  &  Chalmers,  Limited, 
43  Threadneedle  Street,  London,  £.C 
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Carbonate  or  oxide  of  lead  or  copper  =  smelting. 

Solid  galena  ores  =  smelting,  either  after  simple  hand  selec- 
tion or  hand  selection  and  coarse  concentration  on  rejected  ore. 

Metallic  copper  ores  =  stamping,  with  coarse  concentration 
and  melting  to  ingot. 

Antimony  ores  =  hand-picking,  coarse  or  fine  concentration 
and  smelting  for  metal. 

Zinc  blende  and  zinc  carbonates  =  coarse  or  fine  concentra- 
tion and  reduction  by  zinc  smelting  process.  Tin  ores  =  fine 
concentration,  roasting,  and  smeltir'T.  Copper  pyrites  and 
copper  glance  =  hand-picking,  coai:>e  or  fine  concentration, 
partial  roasting,  and  matting  ;  or  if  on  seaboard,  shipping  of 
selected  and  concentrated  product  to  refineries ;  or  if  low 
grade,  sometimes  lixiviation  for  copper  and  silver. 

Heavy  iron  pyrites  carrying  gold  =  chlori nation  process  ; 
or  roasting  and  intermixture  with  smelting  ores. 

On  the  purchase  and  sale  of  mines. — The  reference  made 
above  ^  to  the  extravagant  prices  paid  for  mines  and  mining  pro- 
perties naturally  leads  to  a  consideration  of  the  principles  that 
should  regulate  the  purchase  and  sale  of  the  same.  I  would 
here  lay  down  two  axioms — ist  77uy  who  take  the  risk  are 
entitled  to  the  profits  of  success  I  and,  2nd.  Where  nothing  has  been 
discovered  that  can  be  profitably  worked,  there  is  nothing  to  pay 
for.  The  opinions  of  engineers  or  other  mining  authorities, 
however  eminent,  or  practical,  or  experienced ;  the  parallelism 
or  the  continuation  of  a  good  lode,  or  the  proximity  of  a  pro- 
perty to  a  successful  mine,  whose  chimneys  can  be  seen — a 
ground  of  recommendation  given  in  a  recent  prospectus — are 
matters  which  should  be  duly  considered  by  a  man  or  a 
company  who  propose  to  spend  money  in  exploring  further, 
hut  they  are  not  things  to  pay  a  premium  of  thousands  of 
pounds  for. 

Some  of  the  first  questions  to  be  asked  by  an  intending 
purchaser  should  be — What  proportion  of  the  purchase-money 
will  the  ore  now  actually  discovered,  if  it  can  be  worked  to  a 
profit,  pay  ?  and.  What  amount  of  ore  will  have  to  be  raised, 

*  Page  481. 
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and  number  of  fiEUhoms  of  ground  cut  away,  before  the  amount 
of  the  purchase-money  can  be  recouped,  less  the  yaluation 
price  of  the  plant  ? 

Now,  supposing  a  lead  lode  is  discovered  that  yields  on  an 
average  25  cwts.  of  ore  per  fathom  to  the  usual  proportion  of 
productive  ground,  we  can  hardly,  in  the  present  state  of  mining, 
calculi  te  upon  a  greater  profit  than  2/.  per  fothom  of  ground 
cut,  at  an  average  selling  price  of  10/.  lox.  per  ton.  If  a  copper 
lode  worth  4  tons  of  ore  of  6  per  cent  quality  is  discovered,  we 
cannot  reckon  upon  a  larger  profit  than  2/.  per  &thom  (if  we 
can  as  much),  at  a  selling  price  of  12s.  per  unit  Now,  in  each 
of  these  cases,  for  every  1,000/.  of  purchase-money  paid,  500 
fathoms  of  the  lode  will  have  to  be  cut  down.  If  the  purchase 
money  amounted  to  70,000/.,  as  in  a  recent  sale  of  a  copper 
mine  it  did,  no  less  than  35,000  fathoms  of  the  lode  would 
have  to  be  extracted  before  ^e  piu'chase-money  could  be  repaid. 
If  the  profit  could  be  estimated  at  3/.  per  fathom,  then  330 
fathoms,  if  at  4/.  per  fathom,  250  &thoms  of  the  lode  would  go 
to  pay  each  1,000/  of  the  purchase-money. 

An  original  discoverer  should,  of  course,  be  remunerated 
for  his  trouble,  intelligence,  and  expense  in  making  such  dis- 
covery. The  fairest  way  to  do  this  is  by  giving  him  a  share 
in  the  future  success  of  the  mine.  If  we  double  the  actual 
cost  he  has  incurred,  alwajrs  supposing  the  money  has  been 
judiciously  expended,  then  whatever  proportion  this  augmented 
sum  bears  to  the  capital  actually  required  for  the  working  of 
the  mine  should,  I  think,  determine  the  amount  of  share  he  is 
entitled  to.  For  example,  if  he  has  actually  spent  500/.,  we 
double  it  for  him  on  account  of  the  risk  he  first  incurred, 
making  1,000/  If  the  capital  of  the  mine  is  ultimately  5,000/, 
he  is  entitled  to  one-fifth  share.  This  rule,  which  to  me  appears 
fair,  may  be  readily  applied  to  larger  transactions. 

But  a  vendor  or  vendors  should  not  be  allowed  to  throw 
their  shares  on  the  market,  except  by  special  arrangement, 
until  the  mine  pays  its  cost 

In  the  case  of  the  transfer  of  a  mine  in  full  work,  and  paying 
on  annual  income,  the  price  to  be  paid  should  not,  I  think. 
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exceed  five  years'  purchase,  added  to  the  valuation  price  of  the 
plant.  Thus,  if  a  mine  is  returning  a  deai  income  of  2,000/. 
a  year,  its  price  should  not  exceed  10,000/.,  added  to  the  price 
of  the  plant  as  valued  for  transfer. 

If  we  look  at  the  mine  reports  which  appear  in  the  mining 
papers  we  shall  observe  a  large  number  of  mines  whose  stopes  are 
worth  from  15  to  25  cwts.  of  lead  ore  per  fathom,  with,  perhaps, 
a  little  blende,  and  which  do  not  pay.  I  feel  little  hesitation  in 
saying  that  they  ought  to  pay  a  modest  profit  on  the  capital 
actually  necessary  for  their  development  and  working.  For 
example,  take  an  average  of  one  ton  of  ore  per  fathom,  worth 
10/.  loj.,  taking  one  time  with  another ;  let  there  be  the  ordinary 
quantity  of  barren  ground;  pay  50^.  per  fathom  for  stoping;  add 
5af.  more  for  development ;  add  50J.  for  dressing  and  for 
management;  this  makes  7/.  los;  put  the  cost,  if  we  will,  at 
8/.  I  ox.,  and  it  will  be  seen  that  when  the  mines  are  opened 
such  mines  ought  to  pay. 

The  sources  of  failure  I  have  indicated  naturally  suggest 
their  remedies.  We  want  a  more  intelligent  class  of  miners — 
I  mean  in  their  own  business.  Why  should  not  every  elemen- 
tary school  in  a  mining  district  have  a  section  of  the  ground 
below,  with  its  lodes  and  mineral  zones  defined  on  it,  hung  on 
the  walls  ?  Can  we  not  spare  some  of  the  general  knowledge 
required  in  our  school  standards,  or  in  the  *  special  subjects,' 
for  the  sake  of  local  technical  knowledge  ? 

We  want,  also,  a  more  intelligent  race  of  mine  captains  and 
engineers.  I  feel  ashamed,  sometimes,  when  I  think  how 
German  mining  engineers  may  read  the  reports  of  some  of 
our  mine  captains  and  experts  on  mineral  properties.  Still, 
great  advances  have  been  made  of  late  years,  and  with  more 
field  and  imderground  work,  added  to  the  teaching  of  our 
schools  of  mines  and  local  mining  schools,  we  should  soon  take 
what  we  ought  to  aspire  to — the  fi-ont  rank  as  miners. 

Then  we  want  ordinary  business  principles  and  honesty 
applied  to  the  outside  management  of  mines  and  to  their 
purchase. 

These  requisites  are  surely  attainable,  and  they  would,  af 
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we  have  seen,  alter  very  materially  the  proportion  of  profitable 
to  unprofitable  mines. 

Then  a  further  reduction  in  the  cost  of  mining  may  be 
made  by  new  explosives,  by  rock  drills,  and  by  improved 
pumping  and  dressing  machinery.  Thus,  the  cost  of  the  pro- 
duction of  tin  in  Cornwall  has  been  reduced  by  quite  one> 
fourth  of  late  years,  at  the  best  mines.  The  same  reduction 
may  be  made  in  the  cost  of  lead  and  copper.  If  it  is  made, 
and  it  can  and  must  be  made  if  we  are  to  compete  with  other 
nations,  we  have  many  years  of  increased  mining  prosperity 
before  us. 

I  would  emphasise  what  I  have  already  said,  that  mining  is 
a  business  for  the  strong,  the  adventurous,  and  for  the  men 
who  can  spare  money,  without  the  possible  loss  of  it  hurting 
them.  No  one  is  justified  in  investing  in  mines  the  source  of 
a  scanty  income,  or  money  that  is  needed  in  his  own  business. 
If  such  people  lose  their  money  they  have  themselves  alone  to 
blame  For  the  others,  it  is  a  pursuit  of  pleasurable  excitement, 
of  intelligent  activity,  of  ample  scope  for  inventive  genius,  and 
of  at  least  ordinary  chances  of  success.  It  is  an  honourable 
pursuit ;  for  he  who  wins  the  *  precious  things  of  the  everlasting 
hills '  fulfils  no  common  part  in  the  economy  of  the  world. 
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GLOSSARY 

OF  WORDS  AND  TERMS   USED    IN   MINING,   AND   OF  SCIENTIFIC  WORDS 

USED  IN  THIS  BOOK. 

Abbreviations. — Am.,  American;  Aus,^  Australian;  C,  CorftisA; 
/?.,  Derbyshire;  /^,  French;  (7.,  German;  iV.,  North  of  En^ and ; 
S.,  Spanish;  W.,  Welsh. 

Abbruch.     G,    Ore  broken  off  the  lode  or  deposit. 

Abendort.    G.    The  end  of  a  mine  towards  the  setting  sun. 

Abendschicht.     G,    Afternoon  shift  or  company  of  miners. 

Abendstoss.     G.    The  western  end  of  a  mine. 

Abfullen.     G,    To  draw  off  a  good  body  of  ore. 

Abflanherd.    G.    a  buddle. 

Abkomniss.     G»    The  junction  of  a  tributary  with  a  main  lode. 

Abra.    S,    a  hollow,  opening,  or  fissure  on  a  lode. 

Abronziado.    S,    Yellow  copper  ore,  sulphides. 

ACCOMPT.     C,    Account  day,  the  usual  settling  day ;  the  place  of 

meeting,  or  account  house. 
AcHiCAR.    S,    Term  expressing  the  decrease  of  water  in  a  mine. 
Acicular.    Needle-shaped. 
Ademar.    6".    To  timber. 
Ademador.    S,    a  timbcrer,  or  mine  carpenter. 
Adit.    A  level  driven  in  the  side  of  a  hill,  and  opening  out  into 

daylight 
Add  LINGS.    N,    Earnings. 
Adulari  a.    a  hard  translucent  variety  of  felspar  containing  much 

orthoclase.    See  *  Orthoclase,'  also  *  Felspar.' 
Adventure.    C    A  mining  enterprise,  a  trial. 
Adventurers.    The  original  promoters  or  spectilators  in  a  mining 

trial. 
Ahondar.    S.    To  sink. 

Air  Machine.  A  machine  for  creating  ventilation  in  mines. 
Air  Pipes.  Pipes  of  metal  or  wood  for  the  conveyance  of  air. 
Air  Stack.    A  chimney  built  for  ventilation. 
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AiTCH  Pipes.    The  parts  of  a  pump-lift  in  which  the  valvet  are 

fixed 
Alba^IL.    S\    Mason. 
Albayalde.    5'.    White  lead. 
Alcam.     IV.    Tin. 

Alive.    C    The  productive  part  ofa  lode  is  said  to  be  alive. 
Alluvium.  The  mud,  silt,  and  gravel  deposited  by  rivers  and  floods. 
Alm  ADEN  eta.    S.    a  stamp  head. 
Almagra.    ^.    Red  ochre. 

Amalgam.    The  compound  of  mercury  with  gold  or  silver. 
Ammonia  (Muriate  of).    Chemical  composition,  ammonium  337, 

chlorine  66*3. 
Amygdaloid.  The  name  given  to  igneous  and  metamorphic  rocks 

having  almond-shaped  substances  distributed  throughout  them. 
Anticlinal.    When  strata  dip  away  fh>m  each  other,  as  in  fig.  89, 

they  are  said  to  be  anticlinal 
Arenaceous.    Sandy. 
Argillaceous.    Clayey. 
Arian.     IV,    Silver. 
Arrage.    iV.     Shaq)  point  or  corner. 
Arragonite.    Needle  spar,  carbonate  of  lime  mixed  with  0*1  to  4 

of  carbonate  of  strontia. 
Arrastrar.    S,    When  veins  unite  or  are  drawn  together. 
Arrastre.    4^.    An  appliance  for  arresting  the  particles  of  gold 

and  other  ores  in  the  process  of  washing. 
Arroba.    S,    a  Spanish  weight »  25  lbs. 
Asbestos.    A  fine  elastic  fibrous  variety  of  hornblende,  in  colour 

ranging  white,  grey,  and  green. 
Ash.    The  name  by  which  igneous,  eruptive,  and  metamorphic 

rocks  are  known  when  they  are  of  an  ashy  or  cindery  nature. 
ASPIRAIL.    /^    An  opening  for  ve:  tilation. 
Astyllen.    C    A  small  dam  in  an  adit ;  a  partition  between  ore 

and  leads  on  the  grass. 
Attal,  Addle.    C    Valueless  refuse  filling  old  mines ;   stony 

matter  about  ores. 
Augite.    Chemical  composition,  silica  56*36,  lime  25*46,  magnesia 

18*18,  varied  by  small  portions  of  the  protoxides  of  iron  and 

manganese. 
XuR.     IV,    Gold. 
Auriferous.    Containing  gold. 
AUSSCHAREN.    G.    The  junction  of  lodes. 
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AusziMMSRN.    G.    Timbering. 

Axis.    The  central  part  of  an  anticlinal,  as  at  figs.  37  and  89. 


Back  of  a  lode,  the  portion  of  a  lode  lying  between  a  level  driven 

in  a  lode  and  the  surface. 
Backing.    The  timbers  fixed  across  the  top  of  a  level,  let  into 

notches  cut  in  the  rock. 
Back-shift.    The  second  or  afternoon  set  of  miners. 
Bal.    C,    Commonly  a  mine.     Strictly  the  outside  of  a  minei 

especially  when  located  on  a  hill. 
Balland.    D,    Finely  separated  lead  ore. 
Bancos.    S,    Rocks  crossing  a  lode,  or  diverting  it  from  its  ordi* 

nary  course. 
Bank  Claim.    Aus,    A  mining  right  situated  on  the  bank  of  a 

stream. 
Bank  Right.    Aus,    The  right  to  divert  water  to  a  bank  claim. 
Bar.    a  band  of  hard  stone  or  rock  crossing  a  lode. 
Bargain.    A  portion  of  a  mine  let  to  a  gang  of  miners  to  work  at 

a  price  agreed  upon. 
Bar  Master.    D,    The  Derbyshire  name  for  a  mine  manager, 

agent,  and  engineer  in  one. 
Bar-mote.    D,   A  court  where  matters  relative  to  mines  are  tried 

or  considered. 
Barranca.    S,    A  ravine. 

Baryto-calcite.    a  mixture  of  carbonate  of  baryta  and  carbo- 
nate of  lime — occurs  as  yellowish  white  transparent  crystals. 
Basalt.    A  mixture  of  augite  and  felspar  with  some  iron.    A  dark 

green  or  black  stone  occurring  in  large  crystals  or  columns,  like 

those  of  the  Giant's  Causeway. 
Basset.    The  outcrop  on  the  surface  of  a  lode  or  bed. 
Beat.    C    To  stope  or  cut  away  a  lode. 

Bed-claim.    Aus,    A  mining  claim  lying  on  the  bed  of  a  stream. 
Bed-rock.    Aus,     The  strata  inmiediately  underlying  loose  or 

drifted  matter. 
Ben.    C,    Alive.    The  live  or  productive  part  of  a  lode. 
Ben-hevl.    C    a  live  stream,  where  tin  is  found. 
Binder.    C    The  underground  carpenter  who  binds  or  secures 

the  mine. 
BiNG-ORE.    D.    Lead  ore  in  small  lumps  or  cobbles. 
Black  Jack.    An  ore  of  sulphide  of  zinc,  blende— mock  lead. 


> 


^ 


494  GLOSSARY. 

Black  Sand.    Aus.    The  name  given  to  black  tin,  iron,  mangm- 

nese,  and  other  ores  usually  accompanying  gold 
Black  Tin.    C.    Dressed  tin  ore. 
Blanket-table  or  Strake.    Aus.    A  sloping  board  or  table 

covered  with  green  baize  for  the  purpose  of  intercepting  gold. 
Bund  Creek.    Aus,    A  creek  dry  except  in  wet  weather. 
Block  Claim.    Aus,    A  square  mining  claim  defined  by  posts.- 
Blocking  out.    Aus,    Washing  auriferous  drift  in  square  blocks. 
Blue  Elvan.    C,    Greenstone. 
Blue-John.    D,    Fluorspar. 
Boca.    S,    Mouth  of  a  mine. 
BoCAMMA.    S,    Mine  opening. 
BOLSA.    S     Name  given  to  a  small  bunch  of  ore. 
Bonanza.    S,    (Prosperity).    Name  given  to  large  deposits  of 
\  ^  good  ore. 

^  -y*    Bonze.    Undressed  lead  ore. 
'^  \»BoRRASCA.    4^.    Adversity;  name  given  to  a  mine  when  in  an 
-J  unproductive  state. 

Botryoidal.    Rock  showing  the  structure  or  appearance  of  that 

of  a  bunch  of  grapes. 
Bounder.    C,    The  owner  of  a  small  patch  of  ground  called  a 

*  bound.' 
Brace.    C    The  ground  and  buildings  around  the  principal  shaft 

of  a  mine. 
Branch.    Small  string  of  ore  connected  with  the  main  lode. 
Brazil.    N,    Iron  pyrites. 
Breccia.    Rock  composed  of  angular  fragments  of  rock  cemented 

together. 
Brooch.     C,    A  mixture  of  various  ores. 
Brown  Spar.    A  variety  of  dolomite  made  up  of  carbonate  of 

lime^  carbonate  of  magnesia^  and  from  lo  to  20  per  cent  of 

carbonate  of  iron. 
Bryle.    Surface  indications  of  a  lode^  in  decomposed  mineral 

matter. 
Bucking.    Breaking  ore — with  a  flat  iron  fixed  on  the  end  of  a 

stick — ready  for  the  jiggers. 
Bunch.    A  small  rich  deposit  of  ore. 
Bunding.    A  staging  of  wood  over  a  level  or  road  in  a  mine  on 

which  rubbish  from  the  stopes  is  thrown. 
Bunney.    a  pocket  or  considerable  mass  of  ore  not  lying  in  a 

regular  vein. 
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Burrow.    A  heap  of  deads  or  refuse  on  the  surface. 
BuscoNES.    ^S".    Miners  who  work  on  tribute^  explorers  for  mine- 
rals^ workers  of  old  mines. 


Cal  or  Gal,  C,  A  hard  rusty-coloured  stone  containing  iron, 
found  in  poor  lodes.     (Welsh,  caled,  hard.) 

Calcite.  Calcareous  spar,  carbonate  of  lime ;  chemical  composi- 
tion, lime  56-0,  carbonic  acid,  44*0. 

Callys.  C.  Killas  applied  to  the  slaty  stratified  rocks  traversed 
by  lodes. 

Cam.  a  long  curved  tooth  fixed  on  a  shaft  for  the  purpose  of 
raising  a  stamp.    (Welsh,  cam  =  crooked.) 

Cank.    D,    Whinstone,  or  band  of  hard  rock. 

Canon.    S,    A  deep  valley. 

Caple.     C    a  hard  stone  lining  the  sides  of  tin  lodes. 

Captain.    The  overseer  or  practical  manager  of  a  mine. 

Carat.  Term  used  for  denoting  the-  quality  of  gold.  English 
standard  gold  contains  22-24ths  of  pure  gold. 

Carbonaceous.  Containing  carbon  in  the  shape  of  vegetable 
remains. 

Carbonate  of  Baryta.  Chemical  composition,  baryta  777,  car- 
bonic acid  22*3. 

Carbonate  of  Strontia  Chemical  composition,  strontium 
70*2,  carbonic  acid  29*8 ;  occurs  as  resinous  fibres  with  a 
radiated  structure. 

Carbonic  Acid.    Chemical  composition,  carbon  27*65,  oxygen 

72-35. 

Carboniferous.  Containing  carbon,  as  Carboniferous  Lime- 
stone. 

Carga.    S,    a  mule's  load  »  380  lbs.  Spanish* 

Carn.     In  ancient  British  a  monument,  a  heap  of  stones. 

Carreg,  Craig.     W.    Rock. 

Cascahlo.    ^^.    On  a  mountain  applied  to  stony  strata. 

Cases.     C.    Fissures  through  which  water  runs  into  a  mine. 

Cast  afi'er  Cast.  C  Throwing  up  ore  from  one  stage  to 
another  in  an  excavation. 

Catear.     *S'.     To  search  for  minerals. 

Gaunter.  C.  Contra,  a  smaller  lode  running  diagonally  across 
the  main  lode  of  a  mine. 

Caxo.     S.    a  measure  of  ore  containing  at  Potosi  5,000  lbs. 
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Cepn  Ceffyl.    W,    a  hump  on  one  of  the  walls  of  a  lode,  nearij 

cutting  off  the  ore. 
Cellular.    Containing  numerous  cells  or  cavities. 
Centner.    G.    The  hundredth  part  of  anything. 
Chapas.    Iron  blocks  holding  the  ore  inside  the  stamps. 
Chert.    A  mixture  of  fine  silica  or  sand  with  a  portion  of  lime, 

and  occurring  in  a  hardened  form.    See  '  Homstone.' 
Chlorite.      Chemical   composition,  silica   32*2,  alumina    18*3, 

magnesia  357,  water  13*8,  varied  with  small  proportions  of  iron 
Clavos.    S,    Masses  of  ore,  and  of  native  metals. 
Cleet.    D.    a  wedge. 

Cob.     C.    To  bruise  or  break  ore  into  '  cobbles '  or  small  lumps. 
Cockle.    C    A  dark-coloured  earthy  mineral,  like  tin,  but  worth- 
less, and  disappointing  from    its   resemblance  to  the  true 

mineral. 
Coffin.    C.    Name  g^ven  to  old  open  excavations. 
Colorados.    S.    Red  ores,  coloured  with  oxide  of  iron,  like  gossan 
Conglomerate.    Rock  composed  of  rounded  and  water-worn 

stones  cemented  together. 
Coralline.    Partaking  of  the  structure  of  corals ;  coralline  lime- 
stone. 
Corundum.    One  of  the  precious  stones,  composed  of  alumina, 

with  peroxide  of  iron,  or  other  colouring  matter. 
CoRVE.    A  small  waggon  used  for  drawing  minerals  underground. 
COSTEAN.     C  {cothas,  find,  stean^  tin).    To  costean  is  to  search 

for  a  lode  by  sinking  small  pits  along  its  course  on  the 

surface. 
Country.     C    The  strata  through  which  the  lodes  traverse,  or 

in  which  ore  deposits  are  found. 
Course.     C     i.  Vein  or  lode.    2.  Direction  taken. 
Crab  Hole.    Bay  of  Biscay  country.    Aus,    Holes,  apparently 

water-worn,  met  with  in  the  bed  rock  under  the  drift,  which 

are  often  the  cause  of  fatal  accidents. 
Cradle.    Aus,    A  wooden  box  used  in  gold  washing,  as  already 

described. 
Cpeazes.    C.     Name  given  to  portions  of  ore  in  buddies. 
Creek.    Aus.     Small  gully  or  brook  feeding  a  river. 
Crop.    C    Name  given  to  tin  ore  when  dressed.      The  finest 

black  tin  is  called  crop,  and  its  value  is  computed  at  one  half 

that  of  the  finest  grain  tin. 

Cross  Course.    A  cross  vein. 
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Crosses  and  Holes.  D,  In  Derbyshire  the  discoverer  of  a 
lode  secures  it  temporarily  by  making  crosses  and  holes  in  the 
ground. 

Cross-cut.  A  level  or  tunnel  driven  towards  a  lode  at  right  angles 
to  its  course. 

Crystalline.  Greek  {KrustaHos^  ice).  The  name  given  (i)  to 
substances  when  crystallized  into  definite  shapes  as  described 
on  page  3.  (2)  As  used  to  describe  the  internal  structure 
which  crystallized  substances  show  on  being  broken.  Loaf 
sugar,  for  example,  has  a  crystalline  texture. 

Cut.    To  cut  a  lode  is  to  intersect  it  at  a  right  angle  to  its  course. 

CwLWM.     W,    A  band  or  pillar  of  rock,  cutting  off  the  lode. 


Dam.    D.    a  barrier  to  keep  back  bad  air  or  water. 

Damp.    Bad  air — choke  damp,  fire  damp. 

Dan.    a  tub  or  corve  without  wheels  ;  a  sledge. 

Day.    Near  the  surface,  where  daylight  penetrates. 

Dead  Ground.    Parts  of  a  lode  without  ore. 

Dead  Men's  Graves.  Aus,  Humps  in  the  basaltic  rock^  under 
the  auriferous  drift,  like  graves. 

Deads.    Earthy  materials  without  ore — rubbish,  refuse. 

Dean.    C,    The  end  of  a  driving. 

Derrick.  C  i.  Miner.  2.  A  pulley  fixed  on  poles,  over  which  a 
horse  draws  a  rope  by  walking  forward. 

Desaguador.    ^S*.    a  pipe  or  drain  for  conveying  water. 

Desmonte.    ^S*.    Clearing  away  the  surface  rock ;  breaking  ore. 

Dessue — DizzUE.  C  To  cut  down  the  ground  by  the  side  of  a 
thin  lode  in  order  to  take  the  latter  down  whole ;  hence  DmAu, 
to  undermine  a  portion  of  the  rock  to  be  blasted  whole  ;  Cor- 
nish, Dyzhue^  to  lay  bare,  to  disarm. 

Diagonal.  Greek,  dia^  through,  gonia^  comer.  From  comer  to 
comer. 

Dialling.    The  process  of  surveying  a  mine  with  a  dial 

Dillueing.    C.    To  wash  small  ore  in  a  fine  sieve. 

DiORlTE.  A  greenish  granular  rock  composed  of  silica,  felspar, 
lime,  alumina,  magnesia,  and  iron.    A  greenstone. 

Dip.  The  slope  or  inclination  of  a  lode  or  bed  from  a  horizontal 
line. 

DiPPA.  C  A  small  pit  sunk  on  a  lode  to  catch  water ;  a  pit 
sunk  on  a  bunch  ore. 
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Dish.    C.    A  vesid  or  trough  in  which  the  proportion  of  ore  doe 

to  the  lord  of  the  manor  or  owner  erf  the  loil  is  measured.     In 

lead  mines  a  trough  28  inches  long,  4  indies  deq^uid  6  indm 

wide.    A  gallon  measure. 
Disk.    The  projecting  plate  on  a  stamp  shaft  caii^t  by  the  cam. 
DOL.    Welsh  and  Cornish  for  meadow.    DolcMk,  m  ZiritMUk,  ni 

meadow. 
DdL.    A  '  dole'  or  share  in  an  ondeitakiDg  or  propel ly. 
DOUKITB.    A  variety  of  basaltic  rock ;  a  compact  mixture  of 
'    augite  and  delspar,  sometimes  granular  in  structure  but  often 

showing  no  grains. 
Dolly.     Aut.     i.  An  instrument  used  for  bieakin|E  and  mixing 

clay  in  the  puddling  tub.    3.  A  log  of  wood  shod  with  iron, 

and  hung  from  a  tree  over  a  hole ;  formerly  used  for  onshing 

DoLouiTB.  Bitter  spar.  A  mixture  of  carbonate  of  lime  with 
more  than  so  per  cent  of  carbonate  of  magnesia,  and  from  10 
to  30  per  cent  of  carbonate  of  iron,  forms  a  compact  cream- 
coloured  limestODC. 

DoNK.  N.  Dou^y,  clayey,  01  soft  eaitb,  fbond  in  cross  veins 
and  flats. 

DowsiNC-RoD.  A  rod,  usually  of  hazel,  by  which  formerly  ex- 
plorere  were  thought  to  be  able  to  discover  a  lode  by  the  ten- 
dency of  the  rod  to  be  inclined  by  attiaction  towards  it 

Dressek.  I.  The  superintendent  of  persons  employed  in  picking, 
washing,  and  dressing  ore.    3.  Those  persons  themselves. 

Drift.    A  tunnel  driven  from  one  part  of  a  mine  to  another. 

Dropper.    A  course  of  ore  leaving  the  lower  side  of  a  lode. 

DUK.  The  amount  of  royalty  or  ore  payable  to  the  lord  of  the 
manor  or  owner  of  the  soil. 

DuMB*D.  When  the  grate  or  sieve  in  which  the  ore  is  dressed  is 
choked  up. 

DOrr.    C.    Barren  part  of  a  lode  or  ground. 

DURCV.     C.    Anything  low  or  short 

DuRNS.  C.  Wooden  frames  like  door  frames  set  in  drivings 
where  the  ground  is  loose  and  weak. 

Dyer.  i.  A  band  of  hard  lock,  usually  igneous,  a.  In  the  Mcvtb 
of  England  a  fault  is  called  a  dyke. 


EnrD&     JV.    Copper. 
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Elbow.  A  sharp  bend  in  the  ordinary  course  of  a  lode,  from 
which  the  latter  soon  recovers. 

Elvan,  or  Elven.  C  A  band  or  course  of  hard  felstone  or  por- 
phyritic  rock. 

Embonanza.    S»    When  a  mine  is  being  worked  to  profit. 

Emborrascarse.    S.    a  barren  part  of  the  mine. 

End.    The  farthest  end  of  a  driving. 

Entblossen.    G,    Uncovering  a  lode. 

Epidote.  a  mixture  of  alumina  and  silica  forming  a  variety  of 
garnet ;  often  of  beautiful  colour  and  shape.  Chemical  com- 
position :  silica  37*0,  alumina  26*6,  lime  20*0,  protoxide  of  iron 
13*0,  protoxide  of  manganese  0*6,  water  1*8. 

Erbhefste.    G.    The  deepest  part  of  a  mine. 

Eruptive.  The  name  given  to  rocks  that  have  burst  through  other 
rocks  in  a  molten  state,  or  that  have  been  thrust  up  bodily. 

ESTANO.    S.    Tin. 

Exempted  Claim.  Aus,  A  mining  claim  allowed  to  stand  idle 
for  a  time  by  a  certificate  from  the  registrar,  as  provided  in 
mining  law. 

Eye.    N»    The  top  of  a  shaft  or  pit 


Faiscador.    S.    a  gold  washer. 

False  BonrroM.    Am.  6r*  Aus.    A  loose  plate  put  into  the  stamp 

box  ;  a  floor  of  iron  placed  in  a  puddling  machine ;  a  bed  of 

drift  holding  auriferous  drift,  and  overlying  the  bed  of  the 

latter  that  usually  lies  on  the  bed  rock. 
Fanega.    S.    a  measure  equal  to  an  English  bushel. 
Fanbgado.  S.  a  land  measure  90^  fanegados  ■  100  English  acres. 
Fang.    C.    An  air  course  along  the  side  of  an  adit  or  shaft. 
Farm.    C.    The  fee  payable  to  the  lord  of  the  manor  or  owner  of 

the  soiL 
Fast.    C.    The  solid  rock  immediately  imder  the  surface  drift 
Fathom.    Six  feet ;  a  cubic  fathom  6  feet  x  6  feet  x  6  feet  is  the 

measure  of  work  in  most  mines. 
Fault.    A  line  of  disturbance  or  dislocation  in  strata. 
Feeder.    A  branch  coming  into  a  lode  from  the  upper  or  hanging 

side. 
Feigh.    Ore  refuse. 
Felspar.    The  name  given  to  a  common  constituent  of  many 

rocks.    It  is  an  intimate  mixture  of  fine  silica  60  parts,  alumina 
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18,  potash  i6y  with  a  little  lime  and  some  iroo.  Most  of  die 
days  used  to  make  bricks  are  decomposed  felspar.  In  cokmr 
it  is  white,  pink,  and  red.  It  can  hardly  be  scratched  with  a 
knife. 

Felstone.    a  yery  compact  and  uniform  kind  of  fdspar. 

Ferruginous.    Charged  with  iron. 

Feuressenarbeit.  G,  Fire-eating  work,  woridng  upwards 
towards  the  surface. 

Flako.    C.    a  pick  with  two  points. 

Floating  Reef.    Aus.    Loose  masses  of  auriferous  rock. 

Flookan,  or  Flucan.  C  i.  A  vein  filled  wiUi  dayey  matter 
crossing  the  main  lode.  a.  A  parallel  vein  of  the  same 
character.  3.  A  lode  containing  a  preponderance  of  day  is 
called  a  flookan  lode. 

Floor.  Where  the  lode  is  bent  flat  in  its  downward  com:se  and 
appears  like  a  bed. 

Floran.    C    Very  fine  tin  ore,  sometimes  called  flour  tin. 

Flour  Gold.    Aus.    The  finest  drift  of  gold. 

Flouring.  Aus.  The  covering,  in  the  course  of  using,  of  the 
globules  of  mercury  used  in  gold  extraction  witii  a  thin  fihn 
of  the  sulphide  of  some  other  metal,  by  which  the  power  of  the 
mercury  to  intercept  gold  is  lost ;  also  called '  Sidoening.' 

Fluke.  A  rod  used  for  deaning  drill  holes  before  they  are 
charged  with  powder. 

Flume.    Am.    An  artificial  watercourse  at  hydraulic  gold  mines. 

FLUORIDE  OF  Calcium.  A  mixture  of  the  two  simple  dements  of 
fluorine  and  calcium. 

Fluthwerk.    G.    Searching  for  ore  in  streams  and  river  beds. 

Foot.  C  An  andent  measure  containing  2  gallons,  or  60  lbs., 
of  black  tin. 

Footwall.    C.    The  under  or  heading  side  of  a  lode. 

Footway.  Shaft  with  ladders  and  stages  used  only  for  descend- 
ing and  ascending  mines. 

Force  Piece.  Timber  placed  diagonally  across  a  shaft  or  drift 
for  securing  the  ground. 

FORCQUE,  or  Fork.  C  The  bottom  of  the  sump,  in  wbidi  the 
water  is  collected  at  the  bottom  of  a  mine.  In  Derbyshire  a 
fork  is  a  prop  for  keeping  up  soft  ground. 

FOSSICKER.  A  sort  of  mining  gleaner  who  picks  the  crevices  and 
cavities  of  the  rocks  after  the  miner. 

FoxmoER's  Shaft.    The  first  shaft  sunk  at  a  mine. 
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Frame,  or  Rack.    C   A  gently-sloping  board  for  washing  stream 

tin. 
Friable.    Easily  reduced  to  powder. 
Fundamental.    A  name  applied  to  the  lowest  or  basement  strata 

of  the  earth's  crust  as  far  as  at  present  known,  as  i  and  2  in 

fig-  37. 
Furnisher.    A  man  who  furnishes  money  or  machinery  to  a  party 

of  miners,  and  so  becomes  entitled  to  a  share  of  the  profits. 

Fuse.    The  prepared  tape  or  cord  by  which  fire  is  conveyed  to  the 

charge  of  explosive  to  be  ignited. 


Gad.    C    a  wedge  for  splitting  rocks. 
Gal.    C    a  hard  rusty  gossan— (Welsh,  ^tf/^=»  hard). 
Galena.    Sulphide  of  lead — the  ordinary  lead  ore  of  commerce. 
Gamela.    S,    a  large  wooden  bowl  used  in  dressing  ore. 
Gang,  or  Gangue.    G.    The  non-metallic  material  filling  lodes. 
Gangway.    A  roadway  through  the  deads  or  rubbish  in  a  mine. 
Garnet.    A  stone  valued  for  its  colour  and  transparency.    It  is  a 

mixture  of  sihca,  alumina,  and  the  oxides  of  iron  and  man- 
ganese.   See  *  Epidote.' 
Gatches.    C.    The  final  sludge  or  leavings  of  tin. 
Gefarht.    G.    The  course  or  direction  of  a  lode. 
Girdle,  or  Girdle  Beds.    N,    Thin  beds  of  hard  close-grained 

sandstone  separated  by  shale. 
Glaucodote.    a  mixture  of  sulphur  with  11*9  of  iron  and  24*8  of 

cobalt 
Glist.    C    a  dark-coloured  ferruginous  mineral  found  in  lodes — 

micaceous  iron  ore. 
Gneiss.    A  rock  composed  of  quartz,  mica,  and  felspar,  in  which 

the  different  parts  are  arranged  roughly  in  layers.    Mica 

usually  prevails. 
GONGE.    Am,    The  soft  clay  lying  between  a  body  of  ore  and 

the  sides  of  the  lode  or  cavity. 
Gossan.    C    The  name  given  to  quartz,  calcareous  spar,  and  other 

substances  filling  a  lode  when  charged  and  coloured  with  iron 

ores. 
Grain  Tin.    C    i.  Tin  ore  obtained  in  grains  or  pebbles.    2. 

Finest  smelted  or  block  tin. 
Granite.  A  rock  like  gneiss,  composed  of  quartz,  mica,  and  felsparj 

but  the  particles  or  granules  are  all  mixed  up  together  indis- 
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criminately.     In  colour,  white  when  quartz  prevails,  red  when 

there  is  much  red  felspar,  and  green  sometimes  from  the 

presence  of  chlorite. 
Grant.    Land  granted  to  adventurers  for  mining  purposes. 
Granular.    Made  up  of  grains  or  granules. 
Granzas.    S,    Poor  ores. 
Grass.    The  surface  of  the  mine.    Ore  brought  to  grass  is  oie 

brought  to  surface. 
Grate.    A  perforated  plate  or  iron  frame  with  bars  used  for 

separating  and  washing  ores. 
Greenstone.    The  name  given  to  a  variety  of  rocks  (sec  *  Diorite  ); 

but  some  greenstones  are  very  close-grained  and  compact,  as 

if  they  had  been  in  a  molten  state. 
Grena.    S,    Uncleaned  rough  ore. 
Greisen.    The  conmion  Saxon  name  for  grey-coloured  granitic 

rock. 
Griddle.    A  larger  form  of  grate. 
Grits.    Coarse  sandstones. 
Groove.    D.    A  mine. 
Grouan.    C,    The  conmion  Cornish  name  for  granite  and  granitic 

rocks  in  Cornwall. 
Ground.     Name  given  to  strata  bounding  a  lode,  synonymous 

with  *  Country.' 
Grube.  G.  Mine. 
GUAG.     C,    An  empty  space,  or  place  from  which  the  ore  has 

been  extracted.     (From  Welsh,  ^Wdr^«  empty.) 
Guarda.    a  thin  parting  between  the  materials  of  a  lode  and  the 

country. 
GULCH.    Am,    A  deep  ravine. 
Gully.    A  us.    The  feeder  of  a  creek. 
GULPH.    Of  ore,  a  large  body  of  ore. 
Gunnies.     C,    Name  given  to  width — one  gunnie  «  3  feet. 
GURT.    C,    Channel  to  carry  water  from  dressing  floor. 
Gutter.    A  us.    The  lowest  portion  of  a  gold  digging,  or  lead 

fUled  with  auriferous  drift  that  rests  upon  the  solid  rock. 


Hacienda.    S.    House  where  ore  is  smelted. 
Hade.    The  dip  or  underlie  cf  a  lode. 
Haiarn.     IV.     Iron. 
Halvanner.    C.    a  dresser  of  balvans. 
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Halvans,  Halvings,  Hanaways.  C.  Poor  or  refuse  ore  aftci 
the  best  is  taken  out,  usually  applied  to  refuse  copper  ores. 

Handfarht.    G,    The  descent  into  a  mine  by  ladders. 

Handwhip.  Aits,  A  contrivance  for  lessening  the  weight  of  water 
lifted  out  of  a  digging  by  means  of  a  lever  and  weight  fixed  to 
a  flexible  tree. 

Hanging  Wall.    The  upper  side  of  a  lode. 

Harrow.  Aus.  A  pole  with  teeth  fixed  on  it  turned  round  in  a 
puddling  machine  to  mix  auriferous  clays  with  water. 

Hauling.    Bringing  stuff  to  the  surface. 

Hazle.    iV.    A  tough  mixture  of  sandstone  and  shale. 

Heading-side.    The  underside  of  a  lode. 

Head  Sword.    Water  discharged  through  the  adit  level 

Heaves.    Faults  by  which  the  lode  is  thrown  upwards. 

Heavy  Gold.  A  us,  Shotty  gold ;  particles  of  gold  the  size  of 
gun  shots. 

Heavy  Spar.    Sulphate  of  baryta. 

Hechado.    S.    The  dip  of  a  lode. 

HiLO.    S,    A  thin  metalliferous  vein. 

HOGGAN.    C.    The  food  carried  by  the  miner  to  the  mine. 

Hole.  To  '  hole '  is  to  make  an  opening  from  one  part  of  a  mine 
to  another;  to  pick  out  the  soft  underside  of  a  lode  or  bed  pre- 
paratory to  wedging  or  blasting  the  remainder  down. 

Horizon.  The  name  given  to  the  place  occupied  stratigraphically 
by  a  bed  or  series  of  beds  of  rock. 

Hornblende.  The  name  applied  to  a  group  of  substances,  the 
general  composition  of  which  consists  of  silica  40  to  50,  alumi- 
num o  to  17,  lime  o  to  30^  iron  protoxide  o  to  30,  manganese 
o  to  4,  potash  o  to  3,  soda  o  to  8,  fluorine  o  to  i,  and  a  little 
water.  Hornblende  varies  in  colour  from  white  through  yellow 
to  green  and  black.  The  conmion  varieties  are  of  a  greenish 
cast. 

HORNSTONE.    A  hard  silicious  rock-like  flint    See  *  Chert.' 

Horse.  C  The  dead  or  barren  ground  by  which  a  lode  is  some- 
times split  into  two. 

HUEL,  or  Wheal.    C    A  mine  work. 

Hulk.  To  hulk  a  lode  is  to  pick  out  the  soft  or  best  part  with 
picks,  leaving  the  hard  portion  to  be  blown  down  with  ex- 
plosives. 

Hurdled  Ore.  Ore  passed  through  a  coarse  screen,  like  a 
mortar  screen. 
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HOttenwerk.     G.    Furnace  or  smelting  house. 
Hydrauuc  Hose.    Am,    The  flexible  hose  now  used  to  direct  a 
stream  of  water  against  a  wall  or  £Eu:e  of  drift 


Igneous  Rocks.    Rocks  formed  or  altered  by  the  action  of  fire. 

Inch— Miner's.  Am,  A  miner's  inch  of  water  is  the  quantity  of 
water  which  will  pass  through  a  horizontal  sht  one  inch  vride 
and  twenty-four  inches  long,  with  the  water  in  the  reservoir 
standing  six  inches  above  the  hole.  The  quantity  discharged 
in  twenty-four  hours  is  equal  to  2,274  cubic  feet. 

Intrusive  Rocks.  Rocks  that  have  been  thrust  through  other 
strata. 

Irestone.    C.    a  hard  tough  stone,  usually  greenstone. 

Ironstone  Casing.  Aus.  The  casing  of  ferruginous  mattes 
usually  auriferous,  found  abutting  on  quartz  ree£k 

Itabirite.    S,    Micaceous  iron  ore. 

Taootinga,  Jacotings.  S.  The  various  coloured  iron  ores 
associated  with  and  often  forming  the  matrix  of  the  gold  in 
the  Brazilian  mines.  So  called  from  their  resemblance  to 
the  colours  of  the  plumage  of  the  Brazilian  bird,  Penelope 
Jacotinga. 

f  etters.  C.  The  horizontal  rods  or  poles  connecting  the  water 
wheel  and  the  pumps. 

Jeweller's  Shop.  Aus,  The  name  given  to  a  very  rich  patch 
of  gold  drift. 

Jigging.  A  method  by  which  the  smaller  kinds  of  ore  are  dressed^ 
either  with  a  sieve  turned  by  the  hand  with  a  peculiar  rotatory 
and  vertical  motion  in  water,  by  which  the  lighter  earthy  stuff 
is  thrown  off  the  ore;  or  the  same  process  performed  in  a 
variety  of  ways  by  machinery. 

Joints.    The  natural  divisions  or  partings  of  strata. 

Judge.    A  staff  used  for  underground  measurements. 

Jumper.    A  drill  used  by  one  man  by  raising  and  falling. 

Junction.     The  union  of  two  veins  or  lodes. 


Kal.     C,    Sec  *  Cal '  and  *  Gal.' 
Kann.     C.    The  Cornish  name  for  fluorspar. 
Kaolin.     China  or  porcelain  clay.     General  composition,  silica 
47-2,  alumina  39-1,  and  137  water. 
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Kazen.     C    a  sieve. 

Keeker.    An  overlooker. 

Kerned.    C.    Copper  or  mundic  ore  hardened  by  exposure  to 

the  sun. 
Kernow.    C.    ComwaU. 

Kevil.    D.    Spar  found  in  the  lead  veins  of  Derbyshire. 
KiBBAL,  or  KiDBLE.     The  bucket  or  small  barrel  used  to  draw 

materials  out  of  a  mine. 
KlEVE,  or  Keeve.     C    The  tub  in  which  tin  ore  is  finally  tossed 

or  tozed. 
KiLLAS.     C    The  hard  shale  or  slate  traversed  by  lodes. 
KiNOULLY.     C.    Loose  crumbly  ground. 
Knocking.    See  *  Cob.* 


LAcuE.    F,    Dross. 

Lama.    S,    Fine  ore  as  mud. 

Lander.    C.    The  banksman  who  receives  and  empties  the  kibble 

at  the  top  of  a  shaft. 
I JIPPIOR.     C    The  old  name  given  to  those  who  formerly  dressed 

ore  with  their  feet  in  a  buddle — dancers;  now  applied  to 

dressers  of  ore. 
Launders.    C    The  troughs  by  which  a  stream  of  water  is  con- 
veyed to  the  water  wheel,  or  to  any  part  of  a  mine. 
Lavador.    S,    a  washer  of  gold  after  amalgamation. 
Lavadoros.    5.    Gold  washings. 
Lavour.    /^    A  buddle  for  washing  ore. 
Lead.    Aus,    An  underground  course  of  auriferous  drift  generally 

follows  the  course  or  bed  of  an  ancient  stream.    N,    A  string 

or  course  of  ore. 
Leader.    C.    The  same. 
Leading.    D,    A  small  sparry  vein. 
Learys.     C,    Emptiness.    Old  men's  workings. 
Leat.    a  water-course  for  conveyance  of  water  to  a  mine. 
Leavings.    See  Halvans. 
Lenticular.    Onion-shaped.    Name  given  to  masses  of  different 

material  found  in  the  midst  of  rocks. 
Level.     Name  given  to  a  driving  or  adit  underground,  along  the 

course  of  a  lode. 
Levelling.    The  art  of  finding  the  level  of  one  place  compared 

with  that  of  another. 
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Ley  de  Oro,  or  De  Plata.    S.    The  quantity  of  gold  or  silver  in 

the  ore. 
Limp.    An  iron  tool  for  separating  the  reHise  from  the  ore  in  a 

mine. 
LlNGULiDvE.    The  name  given  to  a  family  of  ancient  shell-fish  from 

their  resemblance  in  shape  to  a  tongue. 
Little  Winds.    A  lesser  or  subsidiary  shaft  in  a  mine. 
Lob  OF  Gold.    A  us,    Arichdeposit  of  gold  within  a  small  area. 
Loch.     IV,  &*D,    A  cavity  in  a  lode ;  a  '  vugh.* 
Lode.    Anglo-Saxon  lead ;  to  lead ;  lode-stone ;  a  vein  or  course  of 

material  different  from  the  enclosing  rock,  as  explained  in  the 

text ;  a  fissure  or  crack  filled  with  matter,  which  may  or  may 

not  be  charged  with  metallic  ore. 
Lode  Plot.    A  horizontal  or  flat  lode,  or  one  nearly  so. 
Lofty  Tin,    C,    Large  and  rough  tin  ore. 
Long  Tom.   Am.6r*  Aus,  A  trough  for  washing  gold,  as  described 

in  the  text 
Looks.    C,    The  sludge  left  after  washing  tin  ore. 
Lord.     C,    Landlord  ;  the  owner  of  the  soil  or  mineral,  to  whom 

rent  or  royalty  is  payable. 
Lost  Slovan,  Low  Slovan,  Lode  Slovan.    The  open  trench 

leading  to  an  adit. 
Loth.     G,    A  German  weight,  about  half  an  English  ounce. 


Macizo.    S,    An  unworked  part  of  a  lode. 

Mad  Water.  C,  Water  that,  through  neglect,  rushes  back  to 
the  mine. 

Magnetism  is  the  name  given  to  the  power  whereby  a  magnetic 
ore  of  iron,  the  lode-stone,  attracts  and  retains  iron  and  steel ; 
to  iron  in  its  latter  form  it  imparts  this  same  power. 

Magnetic  Force  is  the  name  given  to  the  tendency  which 
magnetic  minerals  like  those  just  described  have  to  move,  or 
incline  or  lie  with  their  length  pointing  towards  that  portion  of 
the  earth  known  as  the  *  Magnetic  Pole.' 

Magnetic  Pole.  A  point  on  the  earth's  surface  at  present  a 
little  to  the  west  of  the  North  Pole  or  end  of  the  earth's  axis, 
and  towards  which  magnetic  currents  ever  flow  through  the 
mass  of  the  earth.  It  is  a  variable  point.  In  1580  this  spot 
was  II  degrees  to  the  east,  in  1669  it  was  at  the  true  pole,  and 
in  1835  it  was  22  degrees  west  of  the  latter. 
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Manganese  Peroxide.    Two  parts  of  manganese  combined  with 

three  of  oxygen. 
Manto.    S.    a  single  bed  or  layer  of  strata. 
Marco.    S,    A  weight  =  8  ounces. 
Maza.    S.    a  stamp  head. 

Mear.    D.    a  measure  along  the  vein  of  32  yards. 
Meat  Earth.    C    The  surface  soil  that  may  be  cultivated. 
Metamorphosis.    From  the  Greek,  denoting  a  change  of  sub- 
stance or  structure. 
Metamorphic,  Metamorphosed.    Of  an   altered   character; 

changed. 
MiA-MiA    A$is.    A  screen  of  brushwood,  supported  on  poles,  and 

placed  near  a  shaft  to  protect  the  men  from  the  weather. 
Mica.    A  conunon  constituent  of  granite  and  gneiss,  composed  of 

about — silica  48,  alumina  39*8,  and  potash  12*2. 
Mice-eaten  Quartz  Ores.    Quartz  fUU  of  holes,  once  occupied 

by  sulphides,  now  decomposed  and  gone. 
Mock  Lead.    C.    Name  given  to  blende,  also  called  '  wild  lead.' 
Montana.    5.    A  mountain. 
Monton.    S,    a  pile  of  ore,  the  weight  of  which  varies  in  the 

various  mining  districts  of  South  America. 
MORR.     C,    A  gathering  of  ore  in  a  particular  part  of  a  lode. 
MUESTRAS.    S,    Samples  of  ores. 
MuN.     C.    A  metal  or  a  mine. 
Mundic.      Cornish  for  any  pyrites,  more  correctly  applied  to 

arsenical  pyrites  ;  the  common  ore  of  arsenic. 
MuscHELKALK.    The  name  given  by  the  Germans  to  a  limestone 

lying  in  the  midst  of  the  New  Red  Sandstone  or  Triassic 

strata.    Supposed  to  be  absent  from  the  '  formation '  in  Britain. 
MWYN.     IV,    Mine;  ore. 


Nebengang.     G,    a  side  lode. 

Needle.    A  pricker ;  a  slim  piece  of  round  iron  used  for  making 

touch-holes  for  blasting  rocks. 
Nitric  Acid.    A  mixture  of  nitre  with  sulphuric  acid. 
Nitro-Hydrochloric  Acid.     A  mixture  of  nitric  acid  with 

muriatic  or  hydrochloric  acid — ^the  latter  in  its  common  form 

being  known  as  spirits  of  salts. 
NiVELS  DE  Aqua.    S.    Water  levels. 
Nocking.    C    See  *  Knocking,*  or  *  Cob.' 
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NoGER.    A  drill  commonly  used  as  a  jumper. 
NoRiA.    S.    Buckets  fixed  on  an  endless  chain  for  liftiiig  water 
out  of  a  mine. 


OlTAVO.    S,    About  the  eighth  part  of  an  English  ounce. 

Ojo.    S,    A  bunch  or  spot  of  ore. 

Old  Men.    The  former  workers  of  a  mine.    The  workings  left  by 

them  are  the  *  Old  Men's  Workings/  or,  as  in  Derbyshire^  <  The 

Old  Man.' 
Ore.    The  substance  specially  containing  metaL 
Ore  Plot,  Ore  Bin.    The  place  where  the  dressed  ore  is  kept. 
Orpailleur.    F.    a  gold  washer. 
Oro.    S.    Gold. 
Orthoclase.    The  name  given  to  transparent  or  translucent 

crystals  of  felspar,  of  red,  yellow,  grey,  or  green  coIourB. 

Usual  composition,  silica  65*4,  alumina  18,  and  potash  i6'6^ 

with  variable  quantities  of  soda,  lime,  and  iron  peroxide. 
Overlapping.    When  a  group  of  strata  passes  over  one  or  more 

intermediate  groups,  and  finally  rests  upon  one  much  older,  it 

is  said  to  overlap. 
Ovoid.     Egg-shaped. 

Packing.     C.    The  final  dressing  of  tin  or  copper  ore  in  a  large 

vat  or  kieve  filled  with  water. 
Pacos.    S,    Mixtures  of  oxides  of  iron  with  ores  of  silver,  usually 

of  a  red  colour,  near  the  surface.    As  Colorados  or  Gossans. 
Pair,  or  Pare.     C.    A  gang  of  miners  of  indefinite  number,  often 

five. 
PALiGOZOlC.    Ancient  life.    The  name  applied  to  the  strata  con- 
taining the  remains  of  the  earliest  organic  beings. 
Palma.    S,    Quarter  of  a  vara,  or  Spanish  yard. 
Pannio.    S.    The  strata  traversed  by  a  lode. 
Parcel.    A  quantity  of  ore  ready  for  sale. 
Pass.    An  opening  or  small  road  left  in  the  '  deads '  of  a  mine  for 

communication  between  the  face  of  the  stopes  and  the  level 

below. 
Peach  Stone.    C    A  greenish-coloured  soft  stone;  chloride  schist 
Pee.    D.    a  piece  of  lead  ore. 
Fen,  or  Pednan.    C,    (Celtic  for  head,  or  top.)    i.  The  upper  part 

of  a  buddlc.    2.  A  deposit  of  ore  selected  from  a  lode. 
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PSPENADO.    S,    Cleaned  ore. 

Pepenadores.    S,    Ore  cleaners. 

Permian.    The  name  given  to  the  strata  lying  above  the  Coal 

measures.    From  the  ancient  kingdom  of  Perm,  in  Russia, 

where  these  strata  are  much  developed. 
Peroxide  of  Iron.    Three  parts  of  oxygen  to  two  of  iron.    See 

*  Sesquioxide.* 
Pick.     i.  An  ordinary  tool.    2.  To  pick  good  ore  out  of  a  heap, 

hence  *  pickers.' 
Pilch.    C    A  portion  of  the  lode  let  to  miners  to  raise  ore  from 

on  tribute. 
Pile.  i.  As  parcel  2.  A  pointed  piece  of  timber.     In  Australia, 

a  digger  who  has  made  money  has  made  his  *  pile '  of  ore. 
Pillar.    A  part  of  the  lode  left  standing  to  support  the  mine. 
Pillion.    C    Ore  that  remains  in  the  slag  after  smelting. 
PiNTA.    S,    The  appearance  of  a  sample  of  the  lode  by  which  the 

character  of  the  latter  is  judged. 
Pipe.    C.    A  long  bunch  of  ore  in  a  lode. 
Pisolite.    A  rock  structure  like  that  of  the  roe  of  a  fish. 
Placer.    Am.    Name  given  to  gold  diggings,  or  hydraulic  mines. 
Plata.    S»    Silver. 
Plate.  N,  Compact  shale,  separable  into  thin  plates,  that  divides 

the  limestone  beds. 
Plomb  d'CEuvre.    F.    Silvery  lead  dressed  ready  for  refining. 
Plombiferous.    Containing  lead. 
Plot,  or  Plat.    i.  A  place  prepared  to  receive  ore    2,  A  rough 

flat  bridge  over  a  stream. 
Plump.    Provincialism  for  *  pump.' 
Plunder.    G.    Ore  refuse. 
Plwm.     JV,    Lead. 
PoCHERZ.    G,    Poor  ore. 
PODAR.    C.    An  old  name  for  copper  ore. 
POLVILLOS.    S,    Good  ores. 
POLVOULLA.    S.    Black  silver 
Pol  Roz.    C.    A  wheel  pit. 
Pol  Stean.    C.    A  tin  pit 
Porphyry — Porphyra,  purple.    The  name  originally  given  to  a 

red  rock,  with  small  white  crystals  of  felspar  disseminated  in 
it,  derived  from  Egypt,  and  now  used  somewhat  vaguely  to 
denote  rocks  containing  felspar,  more  especially  the  reddish 

varieties. 
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Posts.    N,    i.  Fine  shale  beds  separating  limestone  beds.    2.  In 

Welsh  slate  quarries,  unproductive  portions  of  rock. 
Potash.    Two  parts  of  potassium  to  one  of  oxygen.    The  potash| 

or  pearlash,  of  commerce  is  an  impure  carbonate  of  potassium. 
Pot  Growan.    C.    Decomposed  granite. 
Powdered  Ore.    Fine  ore  disseminated  throughout  a  lode. 
Prsdras  de  Mano.    S.     Good  pieces  of  ore,  sometimes  held 

sacred. 
PKis.     W.    Copper,  or  brass. 
Pricker.    A  thin  rod  used  for  keeping  an  opening  through  the 

'  tamping '  in  a  borehole. 
Pride  of  the  Country.    C    Rich  bodies  of  ore  near  the  surfiice. 
Prill.    C,     i.  A  piece  of  pure  metal  after  smelting.    2.  To  prill 

is  to  add  rich  ore  to  a  poorer  sample  to  improve  the  quality 

of  the  latter. 
Produce.    C.    The  proportion  of  metal  to  100  parts  of  ore. 
Prospector's  Claim.     Aus,     A  larger  mining  daim  than  is 

usually  granted,  and  given  to  a  prospector  or  discoverer  of 

mineral  ground. 
Protoxide  of  Iron.    Two  parts  of  iron  combined  with  two 

parts  of  oxygen. 
Pryan.    Cornish  for  clay. 
PUETAS.    S.    Strong  rock  enclosing  a  lode. 
Puddling  Machine.    Am,  6r*  Aus.    A  machine  used  for  mixing 

auriferous  clays  with  water  to  the  proper  consistency  for  the 

separation  of  the  ore. 
PULGADA.    6*.    An  inch. 

Pulveriser.    A  machine  for  grinding  ores  fine  instead  of  stamp- 
ing them 
Puppy.    An  underground  tier  or  set  of  pumps. 
Purser.    The  accountant  and  cashier  at  a  mine,  or  the  treasuref 

and  secretary  combined  in  one  person. 
Putzen.    G,    Small  irregularly  deposited  spots  or  bunches  of  ore. 
Pyroxene.    See  *Augite.' 


QUAJADO.    S.    Dull  lead  ore. 

Quarry  Lode.    C    A  rocky  lode,  broken  by  joints. 

Quartz.    Pure  silica  in  a  crystallised  form. 

QUARTZITE.    Rock  with  much  silica  in  a  partly  crystallised  form. 

Quartzose.    Rock  with  a  good  deal  of  quartz  in  it. 
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QUELSCHWERK.     G,    Ore  to  be  crushed. 

QUEMAZON.  S,  The  bare  scorched  appearance  of  the  outcrop  of 
a  lode  standing  up  above  the  surface  of  the  adjoining  land. 

QUERGESTEiN.     G,    Strata  crossed  at  right  angles  by  a  lode. 

Quicksilver  Cradle.  See  description  in  book.  Chaps,  xxxix. 
and  xl. 

QuiLLATE.    S,    Same  as  '  carat,'  further  divided  into  four  granos. 

Quintal.  S.  Four  arrobas^  or  loo  lbs.  Spanish  »  loij  Eng- 
lish lbs. 

Quintal  Metrique.    F.    ioo  kilogrammes  »  217  English  lbs. 

QuiNTLEiN.    G.    The  j\  of  an  English  ounce. 

QuiTA  Pepence.  S,  a  man  placed  at  the  bead  of  a  shaft  to  see 
that  none  of  the  ore  is  stolen. 

Rabban.     C    a  dry  yellowish  gossan. 

Race.    A  watercourse  from  a  stream  to  a  milL 

Racking.  The  process  of  separating  ores  by  washing  on  an  in- 
clined plane. 

Raffain.    C    Poor  ore. 

Rag  Pump.    C    A  chain  pump. 

Rake.  C  A  vein  or  lode.  D,  A  fissure  as  distinguished  from 
aflat. 

Ramo.    S,    a  branch  from  a  main  lode. 

Real.    S.    i.  A  mining  district   2.  ^  of  a  dollar. 

Rebosadero.    S,    The  crest  of  a  lode. 

Red  Rab.    C    Red  kiUas,  or  slaty  rock. 

Reed,  Rush,  or  Spire.  C.  A  reed  filled  with  powder  to  act  as  a 
fuse. 

Reef.  A  us  i.  The  outcrop  of  strata.  2.  Of  a  quartz  bed,  or 
vein.   3.  Of  a  lode  generally. 

Reef  Drive.  Aus.  i.  A  cutting  through  the  bed  rock  in  alluvial 
mining  for  the  purpose  of  ventilation.  2.  For  seeking  fresh 
underground  gullies. 

Reef  Wash.  Aus.  The  auriferous  drift  spread  over  the  ground 
near  the  junction  of  two  underground  leads. 

Reliz.    S.    The  wall  of  a  lode. 

Remolino.    S.    a  bunch  or  mass  of  ore. 

Rhomboidal.  a  rhomboid  is  a  geometrical  figure  cj,  which  has 
its  opposite  sides  equal  to  one  another,  but  all  its  sides  are  not 
equal,  nor  its  angles  right  angles.  It  is  into  this  form  that 
rock  masses  are  usually  roughly  divided  by  natural  joints. 
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Rib.    C    a  loader,  or  string  of  ore  in  a  lode 

RiDy  Ridding,  or  Redding.    Cleaning  up  anything.    • 

RiDD.     C.     A  riddle ;  a  shaft  or  drift 

Riddle,  or  Griddle.    A  house  sieve. 

Rider,  r.  A  thin  band,  vein,  or  layer,  lying  a  short  distance  irom 
a  lode  or  bed.  2.  The  rock  lying  between  the  twa  5.  The 
earthy  materials  of  a  lode.  4.  The  rock  or  country  enclosing 
a  lode. 

Ripple,  or  Riffle.  Am,&*Aus.  A  board  or  table  with  grooves 
cut  in  the  bottom  for  the  purpose  of  intercepting  the  amalgam 
of  gold  and  mercury. 

Rise.    To  work  from  the  level  upwards. 

Rock  Salt.  The  chief  source  of  the  salt  of  commerce.  Its  gene- 
ral composition  is  chlorine  60,  sodium  40. 

Rod  Shaft.    The  shaft  containing  the  pump  rods. 

Roof.    See  '  Back'— the  part  of  the  lode  over  a  miner's  head. 

Roughs,  or  Rows.    C    The  second  quality  of  cross  tin. 

Rdv.    C    Awheel 

Rubble.    D.    Loose  stones. 

RULLERS.    C.    Underground  workers  with  wheelbarrows. 

Rumba  de  la  Veta.    S.    The  run  or  course  of  a  vein. 

Run.  i.  Run  of  a  vein  or  lode.  2.  When  miners  overrun  their 
contract.  3.  When  the  sides  or  roof  of  a  mine  run  in  or  £adl 
together. 


Saller.    C     I.  A  chamber  in  a  mine.    2.  A  stage  to  work  on. 

3.  A  boarded  channel  for  water  to  run  in  along  the  bottom  of 

an  adit.    4.  The  floor  or  stage  on  which  the  ladders  rest  in 

a  shaft. 
Sample.    A  portion  of  the  ore  by  which  its  quality  is  to  be  judged. 
SCAL,  or  Scale.    C.    The  falling,  in  flakes  or  scales,  of  the  walls 

of  a  lode  after  the  mineral  has  been  taken  out 
Schist.    A  slaty  kind  of  rock,  which  splits  int6  thin  plates  along 

the  lines  of  its  bedding.    Often  applied  to  imperfectly-formed 

slate. 
Schorl.    Of  an  ashy  or  cindery  character.    The  name  formerly 

applied  to  the  black  tourmaline.    Also  applied  to  granitic 

rocks  with  a  preponderance  of  felspar. 
Scovan  Lode.    C.    A  tin  lode. 
SCOVE.     C    Very  pure  tin  that  hardly  needs  dressing. 
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SCUN.    D.    A  small  vein. 

SCROWL.  C*.  Loose  stones  of  ore  at  the  point  where  a  lode  is 
disturbed  by  a  cross  gossany  vein. 

Seam.    C    A  horse-load  of  tin. 

Seat.    The  bottom  of  a  mine  or  roadway. 

Searge,  or  Serge.     C    A  sieve. 

Sedimentary.  Rocks  formed  by  the  deposition  of  sand,  mud, 
clay,  &c,  in  water,  are  called  sedimentary  rocks. 

Segregation.  A  form  of  the  law  or  process  of  crystallisation  by 
which  materials  having  a  liking  or  affinity  for  each  other  se- 
gregate, or,  separating  from  other  substances,  gather  together 
in  masses. 

Serpentine.  A  stone  much  valued  in  building  decoration.  Ot 
various  colours,  green  predominating,  and  various  shades  ; 
capable  of  a  high  polish.  Usual  composition,  silica  42*31  mag- 
nesia 44*2,  protoxide  of  iron  0*2,  carbonic  acid  0*9,  and  water 
124. 

Serving.    C    A  supply  of  tin  ready  for  smelting. 

Sesquioxide  of  Iron.  Two  parts  of  iron  to  three  parts  of 
oxygen. 

Set.  I.  To  set  a  price  upon  a  share  in  a  mine.  2.  To  set  bar* 
gains  or  work  to  miners. 

Sett.    The  ground  taken  by  adventiu-ers  for  mining  exploration. 

Shaft.    A  pit  sunk  from  the  surface. 

Shake.    C.    A  crack  or  fissiu'e. 

Shale.    An  imperfectly-formed  schist 

Shammel.    a  stage  for  shovelUng  ore  upon,  or  for  raising  water. 

Sheet.    Aus.    A  solid  body  of  pure  ore  filling  a  crevice. 

Shelf.  Aus,  The  uppermost  broken  surface  of  the  rock  under 
driftal  matter. 

Shepherding.  Aus.  Keeping  possession  of  a  mining  claim  by 
doing  the  least  quantity  of  work  on  it  allowed  by  law. 

Sickening.    See '  Flouring.' 

Side  Adits.  A  side  passage  sometimes  made  when  the  chief  pas- 
sage is  choked  with  rubbish. 

SiLlciOUS.    Sandy,  containing  silica,  usually  flinty. 

Sill.  N.  A  threshold,  or  flat  surface ;  a  face  of  hard  rock,  as  the 
Great  Whin  SilL 

Sink.    i.  A  sump,  or  sink.    2.  To  work  downwards. 

Skimpings.  C  The  skinunings  of  waste  off  the  body  of  ovs 
lying  in  the  kieve  or  vat 

l  l 
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Skit.    C    A  small  pump  for  surface  use. 

SUDB.    A  minor  faitdt  or  disturbance  in  a  lode; 

Slime-ore.    Fine  ore  mixed  with  fine  mud. 

Slocking  Stone.    A  promising  stone  of  ore. 

Slotten.    C    Slovenly,  muddy,  sluttish. 

Sluice.  Am.  &*  Aus.  A  long  trough  with  a  loose,  rip[>led 
bottom,  or  bottom  with  holes,  for  the  purpose  of  catching  gold. 

Spangle  Gk)LD.    Aus.    Smooth  flat  scales  of  gold. 

Spar  Dantygi.     IV,    Carbonate  of  lime  as  dog  tooth  spar. 

Spar  Siwcri.  IV.  Carbonate  of  lime  as  sugary  spar;  the  fa- 
vourite form  for  lead  ore. 

Spathic  Of  a  sparry  nature.  Carbonates  of  minerals  are  usually 
called  spathic  ores. 

Splintery.  Rocks  that  break  up  into  splinters  or  long  sharp 
fragments  are  called  spUntery. 

Stalactite.  Hanging  encrustations  of  carbonate  of  lime,  formed 
by  the  dropping  of  water,  are  called  stalactites. 

Stalagmite.  The  pinnacles  or  columns  of  carbonate  of  lime^ 
formed  on  the  floors  of  caverns  by  the  water  dropping  from 
the  points  of  stalactites,  are  called  by  this  name. 

Steatite.  A  stone,  usually  soft,  with  a  soapy  feel,  which  con- 
tains a  good  deal  of  talc.     Usually  of  a  greyish  green  colour. 

Stempel.  JV,  a  wooden  stage,  on  which  to  work  above  a 
lode. 

Stope.  The  workings  of  a  mine  between  the  levels  assume  the 
appearance  of  steps  or  stopes,  and  the  miners  working  at  these 
are  stoping  or  stepping.  When  the  steps  are  overhead,  like 
the  imderside  of  a  staircase,  they  are  overhand  stopes  ;  when 
below  the  miner's  feet  they  are  underhand  stopes. 

Strake.  Am.  &*  Aus,  A  long,  slightly-sloping  board  or  table, 
used  for  the  separation  of  gold  from  small  quartz,  &c. 

Strek.     C,    Strake,  as  above,  for  washing  tin  ore. 

Strick.    C.    To  let  a  man  down  a  shaft  by  a  windlass. 

Strike,  i.  The  course  taken  by  strata  at  right  angles  to  their 
dip  or  inclination.  2.  The  course  or  direction  taken  by  strata 
along  their  level  line. 

String.    A  thin  course  of  ore. 

Struck  Out,  C.  Phrase  used  when  a  lode  is  struck  out  of  its 
course,  or  lost 

Studdle.  Aus,  A  square  piece  of  timber  placed  in  the  comers 
of  a  shaft  between  the  horizontal  framework. 


GLOSSARY.  5 1 5 

Stulls.    Timbers  or  staging  on  which  rubbish  is  left  in  the 

workings  of  a  mine. 
Sturt.    a  bargain  that  turns  out  well  for  the  miners. 
Sulphate  of  Baryta.     Chemical  xomposition,  baryta  66,  sul 

phuric  acid  34. 
Sulphate.    A  combination  of  a  metal  with  sulphuric  acid. 
Sulphuric  Acid.    Contains  hydrogen,  sulphiu*,  and  oxygen. 
Sulphide.    A  combination  of  a  metal  with  sulphur. 
SlTMPH,  or  Sump.   A  pit  sunk  from  the  bottom  of  a  mine,  either  to 

collect  water  or  to  prove  the  lode  to  a  lower  depth. 
Sun.    iV.    A  sun  vein  is  a  south  vein. 
Swallow.    A  large  cavity  in  rocks,  chiefly  in  limestones,  useful 

for  draining  water  from  mines. 
S WITHER.    Am.    A  term  used  in  the  Wisconsin  lead  region  to 

denote  a  crevice  or  crack  branching  from  a  chief  lode. 
Syenite.    A  granitic  kind  of  rock  in  which  hornblende  takes  the 

place  of  mica. 
Synclinal.    The  downward  curve  of  strata,  as  at  6,  6g.  80. 

Tailings  Machine.    Aus,    A  machine  for  dressing  the  tailings, 

and  for  obtaining  gold  from  the  detritus  brought  from  the 

washing  machine. 
Tail  Race.    The  channel  by  which  the  tail  or  'used'  water  flows 

from  a  mill  or  mine  working. 
Tails.    Tin  ore  thrown  behind  the  stamps  to  be  treated  again. 
Takers.     Bargainers,  contractors,  men  who  take  work  in  a  mine; 

raisers  of  ore  on  tribute. 
Talc.     Chemical  composition,  silica  62*5,  magnesia  33*9,  and 

water  36.    Usually  of  a  scaly  nature,  dividing  into  thin  flexible 

transparent  plates,  which  are  occasionally  tinged  green  or 

yellow  ;  of  a  soapy  feeL 
Tamping,  Stemming,     i.  Filling  a  hole,  in  which  an  explosive 

has  been  placed,  with  clay  or  other  matter,  which  is  rammed 

tightly  down.    2.  The  material  used  is  called  tamping,  and  the 

bar  or  rod  used  is  a  tamping  bar. 
Teary  Ground.    Ground  that  will  tear  or  break  up  easily. 
Tepelate,    ^.    Barren  ground ;  refuse. 
Testera.    S.    a  dyke  interrupting  the  coiu-se  of  a  lode. 
Ticketing.    The  purchase  of  ore  at  periodical  sales  by  means 

of  ticKets  or  pieces  of  paper,  on  which  intending  purchasers 

write  the  price  they  are  willing  to  pay. 

hl2 
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Tinners.     C,    All  Cornish  miners. 

Tin  Stuff.    C,    The  name  by  which  tin  ore  is  known  in  ComwaH. 

Titanic  Acid.  A  combination  of  the  rare  metal  titanium  (a  simple 
elem:nt  allied  to  tin)  with  oxygen. 

TiTANi FERGUS.     Containing  titanium,  or  titanic  acid 

ToL.     C.    The  portion  of  ore  paid  to  the  *  bounder.' 

Toller.  C.  An  inspector  of  tin  bounds,  which  are  usually  marked 
by  holes  dug  in  the  ground. 

TOMALO.     C.    A  big  heap  of  anything.    (Welsh,  iomen^  a  moimd.) 

Ton  of  Firewood.    Aus.    An  average  of  50  cubic  feet  of  wood. 

Topaz.  One  of  the  precious  stones.  Chemical  composition, 
silica  35*52,  alumina  53*33,  and  fluorine  17*49  - 108-33.  Colour- 
less, but  sometimes  tinged  pale  green,  yellow,  red,  blue,  by  the 
presence  of  other  substances. 

TORTA.    S,    A  great  heap  of  silver  ready  for  amalgamation. 

Tormentor.  A  us,  A  wooden  axle  studded  with  iron  spikes, 
and  turned  round  in  a  trough,  for  the  purpose  of  puddling 
auriferous  clay. 

Tourmaline.  A  rock  substance,  in  some  varieties  forming  one  of 
the  precious  stones.  Chemical  composition  very  varied  and 
complex,  its  base  being  about  40  silica,  with  8  boracic  acid,  and 
varying  proportions  of  alumina,  phosphoric  acid,  manganese, 
iron,  lime,  potash,  lithia,  lime,  and  soda. 

ToziNG,  or  Tossing.  Shaking  or  tossing  the  wet  tin  in  a  kieve  or 
vat ;  the  final  operation  in  the  dressing  of  tin  ore,  in  which, 
by  knocking  the  sides  of  the  vat,  the  heavy  tin  ore  sinks  to 
the  bottom,  leaving  the  refuse  on  the  top. 

Trace.  To  follow  the  lode  on  the  surface,  and  to  lay  it  open  by 
long  pits. 

Trachyte.  A  variety  of  felspathic  rock,  which  breaks  with  a 
rough  surfece.  It  usually  contains  crystals  of  hornblende, 
mica,  or  felspar. 

Trappean.  A  name  given  to  felspathic  rocks,  including  basalt, 
dolerite,  diorite,  greenstone,  felstone,  porphyry,  and  the  like, 
from  the  step  or  stair-like  nature  of  their  escarpments  or  out> 
crops.    German,  treppe^  a  staircase,  or  flight  of  steps. 

Treloobing.  C  Stirring  the  '  loobs'  or  slime  tin  in  water,  so 
that  the  lighter  mud  may  run  off. 

Tribute.  A  sum  payable  to  the  original  adventurers  by  miners 
who  take  a  portion  of  a  mine  to  work  <  on  tribute/  the  stuff  got 
being  their  own  when  the  tribute  is  paid. 
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Troil.     C    a  miners*  feast  or  merry-making. 

Tucker.    Aus,    Work  by  which  a  man  can  hardly  live. 

Tucker  Ground.    Aus.    Poor  ore  ground. 

Tufa.  A  light  soft  rock,  deposited  from  water  containing  car- 
bonate of  lime,  and  often  found  near  the  base  of  limestone 
rocks. 

Turn  HOUSE.  C  The  point  where  the  miner  turns  irom  a  cross 
cut  along  the  course  of  a  lode. 

Tut.  C.  Tut  work,  dead-work,  working  in  barren  ground ;  work 
not  yielding  profit;  tut-bargain  work,  work  taken  at  a  fixed 
lump  price. 

Tyh.    C     I.  a  small  frame  like  a  strake.    2.  An  adit  or  drain. 


Van.    Dressing  a  small  quantity  of  ore  by  hand  for  the  purpose 

of  testing  the  quality  of  the  ore  and  the  capacity  of  the  lode 

beforehand. 
Vara.    S,    A  Spanish  yard  =  33  English  inches. 
Vale,  or  Val.   The  place  where  the  reserve  of  tin  ore  is  placed  to 

dry  before  it  is  put  into  the  smelting  furnace. 
Vrlado.    S,    a  mine  watchman. 
Vena,  or  Veta.    S.    A  lode  or  vein,  as  Vena  Madre,  the  Mother 

Vein. 
Vesicular.    Containing  numerous  vesicles  or  cavities. 
Vinewed,  or  ViNNEV.   Copper  ore,  with  a  green  efflorescence  lik4 

verdigris. 
Vitreous.    Of  a  flinty  or  glassy  nature. 

VoLADORAS.    S,    The  grinding  stones  of  one  kind  of  arrastreSi 
VuGH.     C    A  hollow  or  cavity  in  the  rock. 


Wall  of  a  lode.    The  boundaries  of  a  lode.    Sec  *  Hanging  side' 

and  *  Heading  side.' 
Wash  Dirt.    Am.dfAus.    The  name  given  to  the  beds  of  drift 

in  which  the  gold  is  usually  found. 
Washing  Off.    (Washing  up, -<4/«.  6^  ^i/j.)    The  periodical  final 

cleaning  out  of  all  the  gutters  and  appliances  used  in  alluvial 

and  rock  gold  mining. 
Water  Barrel.    A  barrel  used  to  wind  water  at  a  mine. 
"Water  Boss.    Am,  Sr'Aus,     The  owner  or  holder  of  water  or 

water  rights,  who  sells  the  same  for  mining  purposes. 
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Water  M  en.    Men  employed  in  the  extraction  of  water,  especially 

with  the  rag  and  chain  pump. 
Weeldon.    Name  given  in  the  Forest  of  Dean  to  old  ironstone 

workings. 
Whele,  Wheal,  Huel.    C    A  mine. 

Whim.    A  drum  with  a  vertical  axis  (see  fig.  6),  with  rope  at- 
tached, worked  hy  a  horse,  for  winding  purposes  from  shallow 

depths. 
Whip  and  Derry.  A  bucket  or  kibble  drawn  up  a  shaft  by  means 

of  a  rope  over  a  pulley,  the  rope  being  attached  to  a  horse 

who  moves  straight  forward. 
Winds  or  Winze.    A  small  shaft  sunk  from  one  level  to  another 

underground. 
Work.     G.  werk.    A  mine. 
Working  Barrel  of  a  pump.     The  part  the  clack  valve  or 

bucket  works  in. 
Working  Big.    When  the  lode  in  working  admits  of  a  space  2^ 

feet  wide,  so  that  the  miner  need  not  break  down  any  of  the 

adjacent  rock. 
Wvthern.     W,    Vein,  or  lode. 


ZiGHER.    C,    A  small  stream  of  water  running  slowly  underground. 

Zone.     Name  given  to  a  belt  or  band  of  strata,  and  to  groups  of 

strata  distinguished  by  similarity  of  organic  remains  or  mineral 

characteristics. 
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AFRICA,  copper  deposits  of  133 ; 
gold  drifts  of,  81 ;  Witwaiers- 
randt  goldfields,  83 
Alcanices  tin  mine,  190 
Akeria,  copper  mines  of,  133;   iron 
ores  of.  281 ;  lead  mines,  218 ;  zinc 
mines  of,  264 
Altai  Mountains,  silver  mines  of,  93 
Amalgamation  of  gold  ores,  392 
America,  Central,  gold  in,  57 
America,  N.E.,  bismuth  in,  305  ;  cop- 
per deposits  of,  162 ;  gold  of,  47 ; 
lead,  253 ;   nickel,  309 ;  platinum, 
310 ;  silver,  104  ;  zinc  ores  of,  267 
America,  N.W.,  copper  deposits  of, 
169 ;  iridium  in,  311 ;  gold  of,  50 ; 
lead,  255 ;  mercury,  304 ;  iron  ores 
of,  279 ;  silver,  104  ;  tellurium,  312 ; 
zinc  ores  of,  267 
America,  S. ,  copper  deposits  of,  176 ; 
gold,  57-64 ;  mercury,  306 ;  nickel, 
310 ;  palladium,  307 ;  platinum,  310 ; 
silver,  10  122 
Andes,  the,  7.  124 
Anglesea,  copper  mines  of,  152 
Appalachian  Mountains,  7,  47 
Arizona,  copper  mines  of.  172 
Arizona,  silver  ores  of,  121 
Australasia,   copper  mines  of,  277; 
copper  production  of,    277 ;  gold 
deposits  of,  65 ;  iron  ores  of,  301 
Austro-Hungary,    bismuth    ores    of, 
307 ;  copper,  241 ;  gold,  38 ;  iron. 
275;    lead.    209;    mercury,    304; 
nickel,    308 ;    silver,   93,  95 ;    tel- 
lurium, xoo ;  zinc,  362 

BALLARAT,  gold  deposits  of,  74 
Beds  of  mineral,  35 
Banket  reefs,  gold,  83 
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Belgium,  iron  ores  of,  2^9;  lead 
mines  of,  219 ;  zinc  deposits  of,  364 

Bismuth,  ores  of.  307 ;  in  Cornwall, 
307 ;  the  Erzgebirge,  Germany, 
307 ;  Schneeberg.  Austria,  307 ; 
South  Carolina,  307;  Tasmania,  307 

Blende,  sale  of.  476 

Bohemia,  silver  mines  of,  95 

Bolivia,  silver  mines  of,  124 

Bonanzas,  29 

Boring  by  band,  345 ;  by  machinery, 

Bonng  machines,  .\ir  or  steam,  343 ; 

hand  power,  ditto,  350 
Borneo,  platinum  of,  311 
Branches  in  veins,  12 
Brazil,  gold  mines  of,  57 ;  nickel  in, 

^10 ;  palladium  in,  312 
Bnxham  iron  mines,  283 
Buddies  and  huddling,  407 

CALIFORNIA,   aUuvial  gold  mi- 
ning in,  50  ;  discovery  of  gold 

ii^i   50 ;  gold   production  of,   51 ; 

geological  structure  of,  54;  quartz 

Kold  mining,  56 ;  silver  production 

of,  105 
Canada,    copper  deposits   of,   271 ; 

gold,  49;    iron,  993;   lead,  353; 

nickel,  309 
Calumet  and  Hecla  mines,  171 
Cardiganshire,  copper  ores  of,  158 ; 

lead   ditto,    331 ;  lodes  of,    230 ; 

mines  and  mining  in,  337;  zino 

production  of,  266 
Carnarvonshire,  copper  ores  of,  253, 

Z58 ;  lead  mines  of,  333 
Carolinas,   N.   and  S.,  bismuth  in, 

308 ;  gold  mining  in,  48 ;  platinunif 

In*  3x1 
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Carpathian  Mountains,  6 

Cefn  Deudwr  gold  mine,  44 

Cheshire,  cupreous  sandstones  of,  150 

Chili,  copper  deposits  of,  176  ;  mining 
districts  o*",  124  ;  silver  mines  of,  125 

China,  gold  deposits  of,  89 ;  mercu- 
rial deposits  of,  304 

Chlorination,  397 

Cleveland  iron  or«,  deposits  of,  291 

Coal-measures,  iron  ores  of,  289 

Colar  gold  field,  88 

Colic,  lead,  444 

Colorado,  copper  deposits  of,  172; 
gold  productions  of,  51 ;  lead  car- 
bonate deposits  of,  258  ;  silver  pro- 
duction of,  105 

Columbia,  British,  gold  deposits  of,  51 

Comstock  lode,  109 

Concentration  of  gold  ores,  394 

Concentration  of  mixed  ores  of  lead 
and  zinc,  461 

Concentration  :  general  rules  for 
choice  of  process,  486 

Concentrating  machinery,  395-411 

Connecticut,  copper  deposits  of,  161 ; 
nickel  deposits  of,  309 

Contact  deposits,  26,  30 

Copf>er  mining,  434 

Copper,    ores   of,    128 ;    Africa,    S., 
132  ;  Alj?i,:a^,  133  ;  America,    163  ; 
Anglci^e.i,      152 ;    Arizona,      172 ; 
Australasia,     177 ;     Austria,     135 ; 
Britain,  139 ;  Canada,  168 ;  Cardi- 
g^shire,      159 ;     Carnarvonshire, 
152,    158;    Cheshire,    150;    Corn- 
wall,  145 ;    Cuba,    175  ;    Cumber- 
land,     159;       Derbyshire,      152; 
France,  137 ;  Germany,    135  ;  fre- 
land,  159;  Italy,  131  ;  Japan,  178  ; 
Lake    Superior,     163 ;    Mar^'land, 
161  ;  Merionethshire,  158 ;  Missis- 
sippi   Valley,    164 ;    Russia,    132 ; 
Newfoundland,  161  ;  Norway,  136; 
Shropshire,  150;  Spain,  134;  Staf- 
fordshire,   152;    Tennessee,     163; 
Sweden,  136  ;  Venezuela,  176 
Cornwall,  bismuth   in,   307 ;   copper 
deposits  of,    149 ;    epochs   of  dis- 
turbance in,  143  ;  geological  struc- 
ture  of,  141  ;    great    flat    lode  of, 
193 ;  history  of  copper  mining  in, 
148 ;  of  tin  mining,  191 ;  iron  ores 
of,  282  ;  lead  ditto,  235 ;  lodes  of, 
145 ;     mining    districts    of,    143 ; 
silver  in,  103  ;    tin  mines  of,  192  ; 
zinc  production  of,  266 
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Cnishing  rolls,  376 
Crushings,  S.  African,  86 
Crystallography,  3 
Cuba,  copper  in,  175 
Cumberland,  copper  mines  of,  159; 
lead  mines  of,  238 

DAKOTA,  S.,  tin  mines  of,  204 
Dean«  Forest  of,  iron  ores  of» 

283 
Denbighshire,  lead  mines  of,  250 
Derbyshire,    copper   mines   of,  152 ; 

lead  mines  of,  248 
Devon,  iron  ores  of,  283  ;  lead  mines 

of.  238 
Devonian  strata,  order  of,  238 
Disseminated  ores,  30 
Dolgeliy,  gold  mines  of,  40 
Drainage  of  mines,  361 
Dressing  lead  in  France,  cost  of,  45a 
Dressing  machinery,  lead,  403.  412 
Durham,  lead  mines  of,  238 
Duty  of  pumping  engines,  363,  366 

17  LECTRICITY  affecting  the  de- 
-*  position  of  metallic  ores,  23 ; 
use  in  mininti;,  359 

Elements,  simple,  chief  distinctions 
of,  2  ;  list  of  names  of,  i  ;  scale  of 
hardness  of,  2  ;  shapes  of,  3  ;  speci- 
fic gravity  of,  2  ;  variations  of,  i 

Erzgebirge,  geological  structure  of, 
96 ;  lodes  of,  97 

Explosives  used  in  mining,  353 

"C*ISSURES  of  displacement,    10; 

■*■       simple,  8 

Flats,  ore,  27,  243.  251,  256 

Flintshire,  lead  mines  of,  250 ;  lime- 
stone of,  250 ;  nickeliferous  iron  ore 
of,  309  ;  geological  structure  of,  9  ; 
zinc  production,  266 

France,  copper  ores  of,  137  ;  gold  in, 
39  ;  iron  ores  of,  279 ;  lead,  218  ; 
silver,  99 ;  tin,  188 ;  costs  of  lead 
mining  in,  439-45^ 

Eraser  and  Chalmer's  silver  and  gold 
mills,  414-419 

Freiburg,  metalliferous  lodes  of,  97 

Frue  vanner,  395 

GATES'  stone-breaker,  375 
Germany,   copper  deposits  of, 
13s  ;  iron  ores  of,  276  ;  lead  mines 
of,    212 ;     merciuial    deposits    of, 
305 ;  nickel  in,  308 ;  silver  mines 
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of.  99  ;  tin  deposits  of,  185 ;  sine 
ditto,  263 

Gilt-edge  concentrator,  4x1 

Qold,  analyses  of,  33,  64 ;  characteri- 
sation and  mode  of  occurrence.  33 
driftal  gold,  33  ;  formation  of  nug 
gets  of,  34 

Gold,    deposits    of,    in    Africa,  80 
America,  N.  E. ,  47 ;  America,  N .  W. 
50 ;  America,  S.,  57 ;  Aruba  Island 
89  ;    Austro-Hungary,  38  ;    British 
Columbia,    53 ;  British   Isles,   40 
Brazil,  57;  California.  50;  Cardi 
ganshire,  40  ;  Central  Europe.  38 
China,  83 ;  France,  39 ;   Cieorgia 
47  ;  India,  79 ;  Ireland,  45  ;  Italv 
39 ;  Lake  Superior,  49 ;  Merioneth- 
shire, 40  ;  New  England  States.  47 
New  South  Wales,  65  ;  New  Zea 
land.  79  ;  Nova  Scotia,  49 ;  Persia 
81 ;  Philippine  Islands,  83 ;  Queens- 
land, 66  ;  Rhine,  39  ;  Scotland.  45 
Spain,  39;  Tasmania,    66;    Vene- 
zuela, 57  ;  Victoria,  66 

Gold  mining,  hydraulic,  421,  429 

Gold  mining,  quartz,  428 

Gold  reefs,  structure  ol,  68,  71 

Gold  stamp  mill,  419 

Gossan,  15 

Gravity,  specific,  a,  401 

Great  Britain,  bismuth  in.  307 ;  copper 
deposits  of,  139 ;  gold  ditto,  40 ; 
iron  ditto,  28a ;  lead  ditto,  220 ; 
nickel,  309  ;  platinum.  311 ;  silver, 
102  ;  tin,  191 ;  zinc,  265 

Great  flat  lode  of  Cornwall,  193 

Great  Ormes  Head,  copper  deposits 
of.  152 

Guston  mine,  118 


HAND  power  rock  drills,  350 
Hand  power  diamond  drills.  352 
Hanover,  lead  mines  of,  213 ;  silver 

in,  99 
Hartz    Mountains,    mines   of,   ai2 ; 

structure  of,  213 
Heat  of  mines,  239 
Humboldt  Company's  lead  dressing 

machinery,  412 
Hydraulic  gold  mining,  421 

ILLINOIS,  lead  mines  of.  254 
India,  gold  deposits  of,  83  ;  iron 
ores  of,  274 
Iowa,  lead  mines  of,  254 
Ireland,  copper  deposits  of,  159  ;  gold 
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ditto,  46;  iron  ditto,  296;  lead 
ditto,  252 

Iridium,  311 

Iron  ores,  270 ;  in  Algeria,  a8i ;  Aus- 
tralasia, 301 ;  Austria,  275 ;  Bel- 
gium, 279  ;  Canada,  297 ;  Cleveland 
(Yorkshire),  391 ;  Coal  measures, 
389  ;  Connecticut,  a99 ;  Cornwall, 
284;  Cumberland,  288;  Dean 
Forest,  285 ;  Devon,  283  ;  France, 
279  ;  Germany,  276  ;  India,  274  ; 
Ireland,  296*  Lancashire,  288; 
Lake  Superior,  300 ;  Lincolnshire, 
294 ;  Michigan,  300 ;  Missouri, 
299  ;  Nassau,  276  ;  Nortliampton- 
shire,  29^ ;  Norws^,  276 ;  Russia, 
275  ;  Spain,  280  ;  Sweden,  276 

Ironstone  mining,  443 

Irr^fuiar  mineral  deposits,  99 

Is^re  (France),  lodes  of,  99 

Isle  of  Man,  lead  mines  of,  235  ;  sil- 
ver production  of,  102;  zinc  pro- 
duction of,  366 

Italy,  copper  deposits  of,  135;  gold 
ditto,  39  ;  mercury  ditto,  305 

JAPAN,  copper  mines  of,  180 
Jiggers  and  jigging,  401 

KONGSBERG,    silver    fahlbands 
of,  zoz 
Krom  rolls,  377 

T  A    BAUME   silver  lead    mines, 

■*-'    439 

Ladders.  330 

Lake   Superior,  copper    region    of. 
164  ;  gold  in  lodes  of,  49  ;  iron  ores 
of.  300 
I..ead  colic,  444 

Lead  dressing,  costs  of,  France,  45a 
Lead  dressing  mill,  Green's.  403 
Lead  dressing  mill,  Htmiboldt's.  4x2 
Lead  mining,  particulars  of  costs  of, 

438  ;  ditto  in  France,  451 
L^d  ores.  ao9 ;  in  Algeria,  ax8 ; 
Austro-Hungary,  axx ;  Belgium, 
a  19;  Canada,  a^^;  Cardiganshire, 
327;  Carnarvonshire,  233;  Colorado, 
X16,  258 ;  Cornwall,  235  ;  Cumber- 
land, 238 ;  Denbighshire,  250 ; 
Derbyshire,  348 ;  Devonshire,  337  ; 
Durham,  338 ;  Flintshire,  350 ; 
France.  318,  439;  Germany^ 
Erzgebirge.  95;  Hartz,  sia ;  Nassau, 
314 ;    Silesia,  aia ;    Illinois,  354 ; 
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Iowa,  254 ;  Ireland,  253 ;  Isle  of 
Man,  335 ;  Missouri.  257 ;  Mont- 
gomeryshire, 323 ;  New  England 
Sutes,  253;  New  York,  254; 
Northumberland,  238 ;  Spain,  215 ; 
Westmoreland,  338 ;  Wisconsin. 
354 ;  Yorkshire,  343 
Lead  ores,  sampling  and  sale  of,  464 
Levels,  adit,  333  ;  ordinary  working, 
334 ;    cost  of,   335 ;    timbering  of, 

333'  334.  3.^ 
Limestone,  strata  of,  Denbighshire, 

350 :  Flintshire,  250 ;  Northumber- 
land, 333;  Yorkshire,  345 
Linares,  mining  district  of.  100,  316 
Lincolnshire,  iron  ores  of,  394 
Linkenbach  table,  409 
Lixard  Point,  tin  ore  of,  143 
Llangynog.  structure  of  mining  dis- 
trict of,  334 
Llanrwst,  ditto,  ditto,  333 
Llanjrmynech  Hill,  old  mines  of.  151 
Lodes,  8 ;  classification  of.  15 ;  earthy 
constituents  of,  15 ;   metallic  con- 
tents of,  17 ;  varieties  of,  15,  16 

MAN  ENGINES.  331 
Management  of  mines,  483 
Mercury,  ores  of,  303 ;  in  Austria, 
304 ;  California,  30^ ;  China, 
^;  Germany,  305;  Italy,  305; 
Mexico,  304  ;  New  Grenada,  306 ; 
Pbni,  306;   Spain,   304;  Sweden, 

30s 

Merionethshire,  copper  deposits  of, 
158;  gold  ditto,  40 

Metallic  ores,  cJassification  of  the  de- 
posits of,  8  ;  deposition  of,  affected 
by  electricity,  33  ;  by  condensation, 
31 ;  infiltration,  30 ;  sublimation, 
33 ;  stratigraphical  position  of,  36 

Metals,  chief  modes  of  occurrence  of, 
4 ;  noble,  4 ;  useful,  4 

Mesdco,  mercurial  deposits  of,  306 ; 
silver  mines  of,  13 1 

Michigan,  iron  ores  of,  300;  copper 
mines  of,  164 

Mill,  gold  stamp,  419 

Mill,  modem  Icaid,  413 

Mill,  silver  dry  crushing,  414 

Mine  explorers,  3x9 

Mines,  chief  mines  and  deposits  re- 
ferred to— Alderle^Edge,  150:  Alten- 
berg,  z8^ ;  Besohi,  180 ;  Blinman, 
135;  Buitron,  135;  Bui^hley  Park, 
895  *  Bum  Burra,  178 ;  Calumet  and 
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Heda,  169-171 ;  Chanaracfllo,  19$ ; 
Cliff  (America),  167  ;  Cfigga.  199 ; 
Comstock,  of  the,  Z05 ;  CondimDir, 
195  :  Coniston,  159;  Comb  Martin, 
338;  Danemora,  377;  Dolcoath, 
146 :  Dolly  Hide,  163 ;  Eardiston, 
150;  Ecton,  153;  Emma,  113; 
Foxdale,  zoa ;  Geyer,  186 ;  Congo 
Soco,  of,  59;  Great  Laxey,  loa; 
Haytor,  385  ;  Herods  Foot.  335 ; 
Homachos,  zoi  ;  Little  Annie,  56 ; 
Morfa  Ddu,  Z57;  Neughick,  ix; 
New  Llangynog,  aaj ;  New  Que- 
breda,  Z76 ;  North  Hendre,  251 ; 
Nouvelle  Montague,  SZ9;  Old 
Ballymurtagh,  z6o;  Old  Hewas, 
300 ;  Old  Park,  387 ;  Old  Pencraig. 
3^ ;  Old  Wheal  Agnes,  za  ;  Ora- 
vicsa,  of,  36 ;  Ore  Hill,  999 ; 
Ovoca,  of,  159 ;  Parys  Mountain, 
Z53 ;  Pasco,  Z33 ;  Pontgiband,  3z8 ; 
Rammelsberg,  313 ;  Rio  Unto,  zqc; 
Roman  gravels.  22Z ;  Ruby  rim, 
of,  zzz  ;  Simon  Judas,  95 ;  Snail- 
beach,  223;  Snowball,  180;  Sor> 
manosk,  36 ;  St.  John  del  Rey,  6x  ; 
Van,  226;  Vidle  Montague.  964; 
Vigra  and  Qogau,  4Z ;  West 
Chiverton,  23c:  Wheal  Basset, 
West.  194 ;  wheal  LoveU.  East, 
107 ;  VVheal  Mary  Ann.  237 ;  Wheal 
Uny,  194 ;  Zinwald,  Z84 

Mines,  discovery  of,  3Z8;  drainage 
of,  361 ;  heat  of,  34Z ;  management 
of,  48Z ;  purchase  and  sale  <»,  487 ; 
timber  used  in,  340 ;  ventilation  of, 
^z  ;  working  of,  325 

Mmes,  management  of,  483 

Mining,  electricity  used  in,  359;  ex- 
plosives used  in,  353 ;  particulais  of 
work  and  cost  reUuing  to  copper, 
434'  gold,  hydraulic,  429:  gold 
quaru,  428 ;  iron,  443 ;  lead.  438- 
451 ;  silver,  430 ;  tin,  436 ;  xinc,  44X 

Mining,  lead,  costs  of,  in  FVance,  451 

Missouri,  iron  ores  of,  433 

Mixed  ores,  sale  of,  474 

Mixed  ores,  treatment  of,  454 

Morgan  mine,  Wales,  77 

Morgan  Mount  mine,  Queensland,  77 

Mountains — ^Andcs,  7,  134 ;  Appala^ 
chian,  7,  47 ;  Australian,  7  ;  Car- 
pathian. 6 ;  Erzgebirge,  85 ;  Harts, 
6,  3Z2 ;  Himalayas,  79 ;  ramine,  6^ 
2^;  Rocky,  so;  Ural,  6,  35,  xja; 
Wahsatch,  tz3 
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NASSAU,  iron  deposits  of,  276  ; 
lead  ditto,  214 ;  silver  in.  99 
Network  of  veins,  30 
Nevada,  silver  mines  of.  ixo 
Newbery  Vautin  chlorination  process, 

398 

New  Brunswick,  gold  of.  49 

New  Caledonia,  nickel  ores  of.  3x0 

New  England  States,  253 

New  Grenada,  mercurial  deposits  of, 
306 

New  South  Wales,  gold  deposits  of, 
49 ;  tin  deposits  of,  205 

New  York,  254 

New  Zealand,  gold  deposits  of.  79 

Nickel,  ores  of,  308;  in  America, 
^09 ;  America,  South,  310  ;  Austro- 
Hungary,  308 ;  Germany,  308 ; 
Great  Britain,  309 ;  New  Cale- 
donia, 3x0 ;  Norway,  309 ;  Spain, 

309 
Northamptonshire,  iron  ores  of.  295 

Northumberland,  lead  mines  of,  23^ 

Norway,  copper  mines  of,  242  ;  iron 

ores  of,  276 ;  nickel  ores  of,  309 ; 

gold  ores  of,  39, 400 
Nova  Scotia,  gold  in,  49;  iron  ores 

of,  297 

ORES  of  bismuth,  307;  copper, 
128;  gold,  32;  iridium,  31  x  ; 
iron,  266 ;  lead,  207 ;  mercury, 
303  ;  nickd,  308  ;  palladium,  312  ; 
platinum,  310 ;  silver,  9X ;  tel- 
lurium, 312  ;  tin,  182 ;  zinc,  26X 

Ores,  dressing  of,  gold,  392,  395,  397, 
419;  lead,  372,  40X.  404,  413; 
silver,  4x4 ;  tin,  415 ;  huddling, 
407  ;  crushing,  371 ;  grinding,  376 ; 
ySK^^S*  40Z  :  picking  and  sorting, 
372 ;  stamping  and  stamps,  381 

Ores,  low  percentage,  sale  of,  477 

Ores,  scales  for  sale  of,  464 

Ores,  selection  of  process  for  treat- 
ment of,  486 

Ores,  stratigraphical  zones  of  the 
various,  317 

Oscar  mine.  39 

Ouray  County,  Colorado,  silver  in, 
116 

PALLADIUM,  302 
Particulars  of  mining  work  and 
costs,  428,  45 X 
Par>s  Mountain  copper  mine,  x^2 
Pennine  Chain  the,  structure  of,  239 
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Percussion  table,  41  x 

Peru,    mercurial    deposits    of,    306* 

silver  ditto,  122 
Picking  and  sorting  of  ores,  372 
Platinum.  310 ;  ores  of,  in  America, 

N.,  311 ;  America,  S..  311 ;  Borneo, 

3x1 ;  Russia,  ^xi ;  Shropshire,  31  x 
Process,  general  rules  for  choice  of, 

486 
Pumping  engines,  362  ;  arrangements 

of,  in  a  shaft,  368  ;  duty  of,  363, 367 
Purchase  and  sale  of  mines,  487 

QUEENSLAND,    gold    deposits 
of,  66,  77  ;  tin  ditto,  204 

RED     MOUNTAIN,    Colorado, 
silver  deposits  of,  xx6 
Rhine,  gold  washings  of,  39 
Roastmg,  398 
Rock  breakers,  373 
Rock  drills,  343 
Rock  drills,  hand  power,  350 
Rocky  Mountains,  ^o 
Roller  crushers,  370 
Roller  crushers,  wear  and  tear  of, 

381 
Rothsch&nberg  Tunnel,  99 
Ruby  Hill,  mines  of,  no 
Rules  for  selection  of  processes,  486 
Russia,  copper  deposits  of,  92  ;  gold 

ditto,  36 ;  iron,  279 ;  platinum,  3x1 ; 

silver,  92 ;  zinc,  363 

SALE  and  sampling  of  ores,  464 
Sardinia,  zinc  deposits  of,  263 
Saxony,  silver  mines  of.  95 
Scales  for  sale  of  ores,  4613,  469 
Scotland,  gold  deposits  of,  45 ;  lead 

mines  of,  251 
Segregated  masses  of  ore,  26 
Shafts,  mine,  arrangement  of,   323 ; 
cost  of,  433 ;  ladders  in.  330 ;  per- 
pendicular, 336:   sinking  of,  330; 
size  of.  329 ;  slanting,  327 
Shropshire,  copper  deposits  of,  151 ; 
lead  mines  of,  220;  platinum  in, 

311 
Sierra   Nevada,  geological  structure 

of.  54 
Silesia,  zinc  deposits  of,  263 

Silver,  ores  of,  9X  ;  in  America,  N.E., 
X04 ;  America,  N.  W. ,  104 ;  America, 
S.,  122;  Arizona,  X2x;  Austro- 
Hungary,  93 :  Bohemia,  95  ;  Bo- 
livia,  124;  Chili,  125;   Colorado, 
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xi6;  France,  89;  Germany,  95; 
Brunswick,  a;  Hanover,  95;  Nas- 
sau, 99 ;  Saxony,  95  ;  Great  Britain, 
X02  ;  Mexico,  lai  ;  Norway,  loi  ; 
Peru,  123  ;  Russia,  93  ;  Spain,  100 

Silver  mill,  414 

Slime-dressing  machinery,  407 

Spain.  copp>er  deposits  of,  134  ;  gold- 
ditto,  39  ;  iron,  280 ;  lead,  315 ; 
mercury,  304  ;  silver,  100  ;  tin,  188 

Staffordshire,  copper  deposits  of,  152 

Stamp  batteries,  391 

Stamping,  382 

Stockwerk,  la  ;  of  Altenberg,  185  ; 
Cligga,  199;  Geyer,  186 

Slopes,    overhand,  337  ;  underhand, 

336 
Strata,  affecting   earthy   contents  of 

lodes,  14  ;  ditto  metallic  contents, 
15  ;  ditto  width  of  lodes,  14  ;  clas- 
sification of,  5 
Stratified  mineral  deposits,  25 
Stream  tin  of  Banca,  183  ;  Cornwall, 

203 
Summary  of  facts  relating  to  the  con- 
ditions under  which  is  found  copper, 
181 ;  gold,  89  ;  iron,  302  ;  lead,  259  ; 
mercury,   306  ;  nickel,  310  ;  silver, 
127  ;  tin.  208  ;  zinc,  268 
Sutters  Mill,  discovery  of  gold  at,  51 
Swalcdale.  mining  district  of,  246 
Sweden,  copper  deposits  of,  243 ;  iron 
ores  of,  276 ;  mercurial  dcposus  of, 
305 ;  zinc,  2(59 

TASMANIA,     bsmuth     in,     308; 
gold  production  of,  66 ;  tin  de- 
posits of,  207 
Tellurium,   312;  in  America.  N.W., 
312;  Austro- Hungary,  312;  Tran- 
sylvania, 312 
Tennessee,  copp>er  ores  of,  163 
Timber  used  m  mines,  340 
Timbering  in  mines,  methods  of,  330, 

^333..  334.  336 

Tin  minmg,  particulars  of  cost  of,  436 
Tin  ores,  182  ;  of  Banca,  182 ;  Bille- 
ton,  183;  Bohemia,  184;  Bolivia, 
204 ;  Cornwall,  191 ;  Dakota,  204  ; 
France,  188;  Malav  Peninsula, 
165 :  New  South  Wales,  205  ; 
Spain,     188 ;     Queensland,      204 ; 
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Saxony,  185 :  Sweden,   188 ;  Tas- 
mania, 307 ;  Victoria,  007 
Tin,  value  of,  Cornish  rule  for,  aox 

UNITED  STATES  OF  AMERI- 
CA, gold  production  of,  56 
Ural  Mountains.  6,  18,  35,  31  z 
Utah,  geological  structure   of,  Z14 ; 
silver  deposits  of,  113 

VALUE  of  concentrated  ores,  468 
Veins,  gash,    i  z ;    network  of, 

30 
Venezuela,  copper  deposits  of,  176  ; 

gold  in,  55 
Ventilation  of  mines,  341 
Victoria,  geological  structure  of,  67  ; 

gold  deposits  of,  67  ;  tin  deposits 

of,  3C7 
Villefranche  Aveyron  lead  mines,  439 ; 

cost  of  mining  and  dressing  ores  at 

451 

\X7AHSATCH        MOUNTAINS. 

''''      113 

Wales,    North,  copper    deposits  of, 

151 ;  gold  ditto,  41 ;  lead  ditto,  233 
Wales,  South,  copper  in,  Z59 ;  gold 

in,  41  ;  lead  in,  227 
Water-wheels,  use  of,  36a 
Wicklow,  copper  in,  159  ;  gold,  46 ; 

lead,  252 
Windmills  used  in  nr.ining.  369 
Winzes,  330 
Wisconsin,  copper  deposits  of,  Z64; 

lead  mines  of,  254 
Witwatersiandt  goldfields,  83 

YANKEE  GIRL  MINE.  119 
Yorkshire,  'iron  ores   o'    a9z ; 
lead  mmes  of,  243 

7INC    MINING,     partictilars    of 

^    work  and  costs,  441 

Zinc  ores,  261 ;  in  Algeria.  264 ; 
America,  N.E.,  267;  America, 
N.  W. ,  268 ;  Belgium,  264  ;  France. 
265 ;  Great  Britain,  265  ;  Russia, 
263  ;  Sardinia,  263  ;  Silesia.  263 ; 
Sweden,  269 ;  treatment  of,  454 ; 
concentration  of  mixed  ores,  46X 

Zinciferous  ores,  454 
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MECHANICAL  ENGINEERING,  etc. 

/>•  K.  Clark^a  Pocket-Book  for  Mechanical  Engineers. 

THE  MECHANICAL  ENGINEER'S  POCKET-BOOK  OF 
TA  BLES,  FORM  UL^,R  ULES  AND  DATA.  A  Handy  Book  of  Reference 
for  Daily  Use  in  Engineering  Practice.  By  D.  Kinnbar  Clark,  M.Inst.C.E., 
Author  of  "  Railway  Machinery,"  "  Tramwavs,"  &c.  Second  Edition,  Re- 
vised and  Enlarged.  Small  8vo,  too  pages,  9s.  bound  in  flexible  leather  covert, 
with  rounded  corners  and  gilt  edges. 

Summary  of  Contbmts. 
Mathematical  Tables. —  Measurement  op  Surfaces  and  Solids.— 
Cnglish  Wbiomts  and  Measures.— French  Metric  Weights  and  Mea- 
-8ures.— forbion  weights  and  measures.— moneys. — specific  gravity 
Weight  and  Volume. — Manufactured  Metals. — Steel  Pipes.— Bolts  and 
Nuts. — Sundry  Articles  in  Wrought  and  Cast  Iron,  Copper,  Brass,  Lead, 
Tin,  Zinc— Strength  of  Materials.— Strength  of  Timber.— Strength  or 
Cast  Iron.— Strength  of  Wrought  Iron.— Strength  of  Steel. — ^Tensilb 
Strength  of  Copper,  Lead,  etc. — Resistance  of  Stones  and  other  Build- 
ing Materials.— Riveted  Joints  in  Boiler  Plates.— Boiler  Shells — Wire 
Hopes  and  Hemp  Ropes.— Chains  and  Chain  Cables.— Framing.— Hardness 
OF  Metals,  Alloys  and  Stones.— Labour  of  Animals. — Mechanical  Prin- 
ciples.—Gravity  AND  Fall  of  Bodies. — Accelerating  and  Retarding 
Forces.— Mill  Gearing,  Shafting,  etc. — ^Transmission  of  Motive  Power.— 
Heat.— Combustion  :  Fuels.— Warming,  Ventilation,  Cooking  Stoves.— 
Steam.— Steam  Engines  and  Boilers.— Railways— Tramways.— Steam 
Ships. — Pumping  Steam  Engines  and  Pumps. — Coal  Gas,  Gas  Engines,  etc.— 
Air  in  Motion. — Compressed  Air.— Hot  Air  Engines. — Water  Poweh.-- 
Speed  of  Cutting  Tools.— Colours.— Electrical  Emoimbbrxng. 

%*  Opinions  op  thb  Press. 

"  Mr.  Clirk  manifests  what  is  an  Innite  perception  ot  what  Is  Itkdjr  to  be  useftil  In  •  pocket* 
t>ook,  and  he  is  really  unriralled  in  the  art  of  condensation.  Very  frequentljr  w«  find  the  informa- 
tion on  a  ^ven  subject  is  supplied  by  pving  a  sumtniry  description  or  an  experiment,  and  a  state* 
«nent  of  the  results  obtained.  There  b  a  very  excellent  steam  table,  occupyini;  five  and-a*half 
pages :  and  there  are  rules  given  for  several  calculations,  which  rules  cannot  be  found  in  other 
pocket  books,  as.  for  example,  that  on  pige  A'il,  for  eettinflr  at  the  quantity  of  water  to  the  sliape 
•of  priming  in  any  kaown  weight  of  steam.  It  is  very  aifficiut  to  hit  upon  any  mechaiUcid  engineer- 
ing subject  concerning  which  this  work  suppb<n  no  Inrormation.  and  the  excellent  index  at  the  end 
.adds  to  its  utility.  In  one  word,  it  Is  an  exceedingly  handy  and  efficient  tool,  possessed  of  which 
the  engineer  will  be  saved  many  a  wearisoms  calculation,  or  yet  mere  wearisome  hunt  through 
^rarious  text-books  and  treatises,  and,  as  su:h.  we  can  hearnly  recommend  It  to  our  readers. 
who  must  not  run  away  with  the  idea  that  Mr.  Clark's  Pocket-book  Is  only  Molesworth  in  another 
/orm.  On  the  contrary,  each  contains  what  is  not  to  be  found  In  the  other ;  and  Mr.  Clark  takM 
snore  room  and  deals  at  more  length  with  many  subjects  than  Moles  worth  possibly  could." 

Tht  Engitutr, 

"  It  would  be  found  difficult  to  compress  more  matter  within  •  similar  compass,  or  produce  • 
>book  of  650  pages  which  should  be  mare  compact  or  convenient  for  pocket  reference.    .    . 
Will  be  appreciated  by  mechnaical  engineers  of  all  classes." — Practical  Enginetr, 

"  Just  the  kind  of  work  that  practical  mm  require  to  hava  near  to  them."— ifn^/iM  Afej.h.jHif. 


2 CROSBY  LOCK  WOOD  6*  SON'S  CATALOGUE. 

MR.  MUTTON'S  PRACTICAL  HANDBOOKS. 

handbook  for  Works'  Man€igers^ 

THE  WORKS'  MANAGER'S  HANDBOOK  OP  MODERN 
RULES,  TABLES,  AND  DATA.  For  Eogineers,  MUlwrights.  and  Boiler 
Makers;  Tool  Makers,  Machinists,  and  Metal  Workers;  Iron  and  Brass 
FoDnders,  &c  By  W.  S.  HuTTOit,  Civil  and  Mechanical  Engineer,  Aotbor 
of  "The  Practical  Engineer's  Handbook."  Fifth  Edition,  carefnllj  Re- 
vised, i^ith  Ac'ditions.  In  One  handsome.  Volume,  medium  8vo,  price  151. 
strongly  bound.  IJtist  published, 

fSf  The  A  uthor  Aartn^  compiled  Rules  and  Data  for  his  own  ust  tn  a  great 

variety  of  modem  etigineertng  work,  and  having  found  his  notes  extremely  use/ml, 

decided  to  publish  them— revised  to  date — believing  that  a  practical  work,  suited  to 

the  VAiLY  REQUIREMENTS  OF  MODERN  BMCiNEERS,  would  be  favourably  Tcceived, 
In  the  Fourth  Editwn  the  Fitst  Section  has  been  re-written  and  improved  by  tk§ 

addition  of  numercus  Illustrations  and  new  matter  relating  to  Steam  Emgxkes  and 

Gas  Engines.    The  Seccnd  Section  has  been  enlarged  and  Illustrated,  and  through' 

out  the  book  a  great  number  of  emendations  and  alterations  have  been  madt^mUh  th§ 

object  of  rendering  the  book  mou  generally  useful. 

*•*  Opinions  of  the  Press. 
*'  The  author  treats  erery  subject  rrcm  the  pofait  of  view  of  one  who  has  coBccted  weriesliep 

notes  for  »ppltc»tion  in  workshop  rract*'^,  rather  than  from  the  theoretical  or  Uterary  aspect.  To* 

voltme  cotttaiiiA  a  grrat  deal  oi  inat  ktii9  uf  information  which  is  gained  only  by  pcactical  cxp«ri> 

•oce.  and  is  seldom  written  in  boolrs.'' — t'ttntittr, 

"The  volume  is  an  ezcecdinely  asefuTone,  brimftil  with  englncen'  notas.  memoraBda,  and 

rules,  and  well  wnrihv  of  being  on  every  mechanical  engineer's  \  ookshelf."— J^»'AaM&-a/  U'crld. 
"The  information  is  precisely  th^t  likely  to  be  required  in  practice.  .  .  .  The  work  forms  a 

de«'irable  addition  to  the  library  not  only  of  the  works'  manager,  but  of  anyona  connected  with 

general  enginrerirg." — Mi*'.ui£  yoitttial. 

"A  formidable  trass  of  (acts   and  figures,  tcadDy  accessible  througfi  an  elabotate  lodes 
.    .    .    Such  a  volume  will  be  found  ar<u>lutely  necessary  as  a  book  of  referesoa  in  all  sorts 

of  '  works '  connected  with  the  metal  InAtsJ'—Rylaiul's  Iron  Tradts  Cireulmr. 

"  Drtmful  of  useful  information,  stated  in  a  concise  form,  Mr.  Mutton's  l>ooks  hare  met  a  ptesa" 

\v^  want  among  enf^rers.     The  book  must  prove  eztiooiely  usafiil  to  erary  practical  maa 

p  issessing  a  copy."— 'f'racfiral  Iin£iHeer. 

JSew  31anval  for  I^ractical  Engineers. 

THE  PRACTICAL  ENGINEER'S  HAND-BOOK.  Comprising 
a  Treatise  on  Modern  Engines  and  Boilers:  Marine,  Locomotive  and  Sta* 
tionary.  And  contaiiiirg  a  large  collection  of  Rules  and  Practical  Data 
relating  to  recent  Practice  in  Designing  and  Constructing  all  kinds  ol 
Engines,  Boilers^  and  other  Engineering  work.  The  whole  constituting  a 
comprehensive  Key  to  the  Beard  of  Trade  and  other  Examinations  iorCerti< 
ficatesof  Competency  in  Modern  Mechanical  Engineering.  By  Walter  S. 
Hutton,  Civil  and  Mechanical  Engineer,  A  uthor  of  "The  Works'  Manager's 
Handbook  for  Engineers,"  &c.  With  upwards  of  370  Illustrations.  Fourth 
Edition,  Revised,  with  Additions.  Medium  8vo,  nearly  500  pp.,  price  x&s. 
Strongly  bound. 

%^  This  work  is  designed  as  a  companion  to  tht  Author's  "Woass* 
Manager's  Hand-book."  It  possesses  many  new  and  original  features,  and  con- 
tainSt  like  its  predecessor,  a  quantity  of  matter  not  originally  intended  for  publica» 
tion.  but  collected  by  the  author  for  his  own  use  in  the  construction  of  a  great  variety 

O/NlODERN    EnGINEFRING   WoRK. 

The  information  is  given  in  a  condensed  and  concise  form,  and  is  illustrated  by 
upwards  of  370  Wocdcuts-j  and  comprises  a  quantity  0/  tabulated  matter  of  great 
value  to  all  engaged  in  destgning, constructing, or  estimating  forEiiGi«^S,BoiLRia, 
and  OTHER  Engineering  Work. 

*»•  Opinions  of  the  Press. 

**  We  have  kept  It  at  hand  for  several  weeks  referring  to  K  as  occasion  arose,  and  we  Iuitc  not 
on  a  sini^le  occa^on  consulted  its  pages  without  finding  the  information  of  which  we  were  in  quest. 

"  A  thoroughly  good  practical  handbook,  which  no  engineer  can  go  through  without  kaming 
something  tlut  will  be  of  service  to  hlm."—Moritt€  hng'tneer. 

"  An  excellent  book  of  reference  for  engineers,  and  a  valuable  text-book  for  studoits  of 
engineering." — Scolsman. 

"  This  valuable  manual  embodies  the  results  and  experience  of  the  leading^  authorities  oo 
mechaniral  engineering."— /?»<«V</»«^  A'rws. 

"  The  author  has  collected  together  a  surprbliig  quantity  of  rules  and  practical  data,  and  has 
shown  much  Judgment  in  the  sriections  he  has  made.  .  .  .  There  b  no  doubt  that  this  book  is 
one  of  the  most  useful  of  Its  kind  published,  and  will  be  a  verv  popular  compendium." — Bn^iMter. 

"  A  mass  of  information,  set  clown  in  simple  languujfe,  ana  in  such  a  form  that  it  can  be  easily 
referred  to  at  any  time.  The  matter  is  uniformly  good  and  weO  chosen  and  is  greatly  cluddatcd 
by  the  illustrations.  The  book  will  find  its  way  on  to  most  engineers'  shfltres,  WMre  k  will  rank  as 
one  of  the  most  useful  Inxiks  of  reference."— Prartfew/  Enginetr. 

"  Full  of  useful  infnrmatit^  n  and  should  be  fboad  on  the  office  shelf  cf  aS 
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MR.  MUTTON'S  PRACTICAL  HANDBOOKS— continued. 

Practical  Treatise  on  Modem  Steant^Boilers. 

STEAM-BOILER  CONSTRUCTION.  A  Practical  Handbook 
for  Engicesrs,  Boiler* Makers,  and  Steam  Users.  Containing  a  large  Col- 
lection of  Rules  and  Data  relating  to  Recent  Practice  in  the  Design,  Con- 
struction, and  Working  of  all  Kinds  of  Stationary,  Locomotive,  and  Marine- 
Steam- Boilers.  By  Walter  S.  Hutton,  Civil  and  Mechanical  Enf^ineer, 
Author  of  "The  Works*  Manager's  Handbook,"  "  The  Practical  Engineer'^ 
Handbook,"  &c.  Wiih  upwards  of  300  Illustrations.  Second  Editton. 
Medium  8vo,  i8s.  cloth. 

or  This  work  is  issued  in  continuation  of  theSifiiSOf  Handbooks  written 
by  the  Author,  vix:—**THE  Works'  Manager's  Handbook  "  and  "The  Practj* 
CAL  Engineer's  Handbook,"  u;/ii£A  are  so  highly  appreciated  by  Engineers  for^ 
the  practical  nature  0/  their  information;  and  is  consequently  written  in  the  tams^ 
style  as  those  works. 

The  A  uthor  believes  that  the  concentration,  in  a  convenient  form  for  easy  refer- 
ence,  of  such  a  large  amount  of  thoroughly  practical  information  on  Steam-Boilers^ 
will  be  of  considerable  service  to  those  for  whom  it  is  intended,  and  he  trusts  the  book 
may  be  deemed  worthy  of  as  favourable  a  reception  as  has  been  accorded  to  its 
Predecessors, 

•*♦  Opinions  of  the  Press. 

"Every  detail,  both  In  boOer  tlesi;ni  and  manat^einent.  Is  dearly  laid  before  the  reader.  Tte 
volume  shows  that  boQer  construction  tias  been  reduced  to  the  condition  of  one  of  the  moit  exact* 
sciences ;    and  such  a  book  is  of  tho  utmost  ralue  to  the  /fn  de  siiclt  Engineer  and  Wovks 
Manager." — Marine  EtigiHter. 

"■  There  has  lone  been  room  for  a  modem  handbook  oa  steam  boilers ;  there  is  not  that  re(no»> 
oow,  because  Mr.  Hutton  has  blle^.!  it.    It  is  a  thoroughly  practical  book  for  those  who  are  oco>> 
pied  in  the  construction,  design,  selection,  or  use  of  boilers." — Ettfrinetr. 

"  The  t)ook  is  of  so  important  and  comprehen>vive  a  character  tti'it  it  must  find  its  way  Into- 
the  libraries  of  everyone  interf^ted  in  boiler  usinj;  or  boiler  manufacture  if  they  wbih  to  b*- 
thoroughly  informed.    We  strongly  recommend  the  book  for  the  intrinsic  value  of  its  contents.**— 
Machinery  Market. 

"  The  value  of  this  book  can  hardly  be  over-e$tim.-ited.    The  author's  rules,  formulae,  3fc,  av> 
an  very  fresh,  and  it  is  impossible  to  turn  to  the  work  and  not  find  what  you  want.    No  practical ' 
engineer  should  be  without  it." — Colliery  Guardian. 

Mutton's  ** Modernised  Templeton.'^ 

THE  PRACTICAL  MECHANICS'  fVORKSHOP  COM- 
PANION, Comprising  a  ^eat  variety  of  the  most  useful  Rules  and  Formula 
in  Mechanical  Science,  with  numerous  Tables  of  Practical  Data  and  Calca* 
lated  Results  for  Facilitating  Mechanical  Operations.  By  Willv^m  Templb- 
TON,  Author  of  "The  Engineer's  Practical  Assistant,"  &c.  &c  Seventeentb' 
Edidon,  Revised,  Modernised,  and  considerably  Enlarged  by  Walter  S. 
Hutton,  C.E.,  Author  of  "The  Works'  Manager's  Handbook,"  "The 
Practical  Engineer's  Handbook,"  &c.  Fcap.  8vo,  nearly  500  pp.,  with  8- 
Plates  and  upwards  of  350  Illustrative  Diagrams,  61.,  strongly  bound  for 
workshop  or  pocket  wear  and  tear. 

*♦*  Opinions  of  the  Press. 

"  In  Its  modernised  form  Hutton  s  '  Templeton  'should  have  a  wide  sale,  for  It  contains  ssocb 
valuable  information  which  the  mechanic  will  oft  en  find  of  use,  and  not  a  few  tables  and  notes  which 
Im  might  look  for  in  vain  in  other  worlcs.  This  modernised  edition  will  be  appreciated  by  all  who 
have  learned  to  value  the  original  editions  of '  Templeton.' '  — English  Mecftmnie, 

"  It  has  met  with  great  success  in  the  engineering  workshop,  as  we  can  testify :  and  there  ■!» 
■  great  manv  men  who.  in  a  great  measure,  owe  1  heir  rise  in  life  to  this  little  \itoo\L"— Building  News, 

"  "This  familiar  text-book— well  known  to  all  mechanics  and  engineers— is  of  essential  serrice  td 
the  every-day  requirements  of  engineers,  millwrights,  and  the  various  trades  connected  w>th-- 
•ngineermg  and  building.    The  new  modernised  Mition  is  worth  its  weight  In  pAd.''—BmiidiMf 
Aewe.    (Second  Notice.) 

"  This  well-known  and  largely  used  book  contains  Information,  brought  ap  to  date,  of  the  ■ 
sort  so  useful  to  the  foreman  and  draughtsman.    So  much  fresh  information  has  been  Introduced 
as  to  constitute  it  practically  a  new  boolc    It  will  be  largely  used  in  the  office  and  workshops "•> 
Mechanictti  H'orUl. 

"  The  publishers  wisely  entrusted  the  task  of  revision  of  this  popular,  valwtble.  and  useful  boofe- 
to  Mr.  Hutton,  than  whom  a  more  competent  man  they  could  not  have  found."— /rv;i. 

Tenipleton^s  Engineer's  and  Machinist's  Assistants 

THE  ENGINEER'S,  MILLWRIGHT'S,  and  MACHINIST'S 

PRACTICAL  ASSISTANT.  A  collection  of  Useful  Tables,  Rules  and  Data. 

By  WiLUAM  Templeton.    7th  Edition,  with  Additions.   x8mo,  zs.  ^  clotb^ 

*^*  Opinions  or  the  Press. 

"  Occupies  a  foremost  place  among  books  of  this  kind.  A  more  suitable  present  to  aa  apprcr* 
tice  to  any  of  the  mechanical  trades  could  not  possibly  be  made."— iffwtfMiMf  Newu. 

"A  deservedly  popular  work.  It  should  be  in  the '  drawer '  of  every  mechanic."—  En^Nsh 
MecAmnie, 
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Foley's   Office   Reference    Book    for    Mechanical 
Engineers* 

THE  MECHANICAL  ENGINEER'S  REFERENCE  BOOK. 
for  Machine  and  Boiler  Construction.     In  Two  Parts.    Part  I.  Gbnbkax. 
Engineering  Data.     Part  II.  Boiler  Construction.    With  sz  Plates  and 
nameroun  IIIu«trations.    Bv  Nklson  Foley.  M.I.N.A.      Second  Edition, 
Revised  throughout  and  much  Enlarged.    Folio,  £3  3s.  net  balf-bonsd. 

Summary  or  Contents.  [J us i published 

PART  I. 


Measures.— Circumferences  and 
Areas,  Ac,  Squares.  Cubes.  Fourth 
Powers. — Square  andCube  Roots. — 
Surface  of  Tubes— Reciprocals. — 
Logarithms. —  Mensuration.  —  Spe- 
cific Gravities  and  Weights.- 
Work  AND  Power. — Heat.— Combus- 
tion.— Expansion  and  Contraction, 
—Expansion  of  Gases.— Steam.— 
Static  Forces. — Gravitation  and 
Attraction. — Motion  and  Computa- 
tion OF  Resulting  Forces.— Accu- 


OF  Gyration.- Moment  of  Inkktia. 
— Centre  of  Oscillation. — Elkc- 
TRiciTY.— Strength  op  Materials. 
—Elasticity.  —  Test  Sheets  of 
Metals.—  Friction.  — Traksmissiom 
of  Power. — Flow  of  Liquids. — Flow 
of  Gases. — Air  Pumps,  Surface  Con- 
densers, &c. — Speed  of  Steamships. 
—Propellers.  —  Cutting  Tools.— 
Flanges.  —  Copper  Sheets  and 
Tubes.— Screws,  Nuts, Bolt  Heads, 
&c.— Various  Recipes  amd  Mxscel* 
laneous  Matter. 


MULATED  Work.— Centre  and  Radius 
With  DIAGRAMS  for  Valve-Gear,  Belting  and  Ropes, 
Suction  Pipes,  Screw  Prop£ller»,  and  Copper  Pipes. 

PART  II. 


Discharge  and 


Riveting.— Boiler  Settikg,  Chim- 
neys, and  Mountings.- Fuels.&c. — 
Examples  of  Boilers  and  Speeds  of 
Steamships.— Nominal  and  Normal 
Horse  Power. 


Treating  of,  Power  of  Boilers. — 
Useful  Ratios.— Notes  on  Con- 
struction. —  Cylindrical  Boiler 
Shells.  —  Circular  Furnaces.  — 
Flat  Plates -Stays.- Girders. — 
Screws.  —  Hydraulic       Tests.  — 

With  DIAGRAMS  for  all  Boiler  Calculations  and  Drawings  of  mant 
Varieties  of  Boilers. 

*♦*  Opinions  of  the  Press. 

"  The  book  !s  one  which  ereiy  mechanical  cr.^.eer  mav,  with  advantage  to  himself  add  to 
his  library.  "^/«./«rfrT«. 

"  Mr.  Foley  is  well  fitted  to  compile  such  a  work.  .  .  .  The  diasrruns  are  a  ffreat  feature 
of  the  work.  .  .  .  Reg^irdin);  the  whole  work,  it  m^y  be  ver)' fairly  state<l  ttut  Mr.  Foley  has 
pro'l-jced  a  volume  which  will  undoulitedly  fuliil  the  de&ire  of  the  author  and  become  iiuU»peBo 
s-ible  to  ah  mechanical  engineers." — Marutt  Efit^imtr. 

"  We  have  carefully  examined  this  work,  and  pronounce  It  a  most  excellent  referetu:e  book 
for  the  use  of  m.irine  eryfineers." — y<^urna/  of  Atntrican  Society  qfSaval  En^inetrs. 

"  A  veritable  monument  of  industry  on  the  part  of  Mr.  Folej.  who  has  succeeded  in  produciziE 
what  is  simply  invaluable  to  the  eoj^eehii);  prot'esMOO." — SUamshit. 

Coal  and  Speed  Tables. 

A  POCKET  BOOK  OF  COAL  AND  SPEED  TABLES,  for 
Engineers  and  Steam-users.  By  Nelson  Foley.  Author  of  "  The  Mechanical 
Engineer's  Reference  Book."    Pocket>size,  ss.  6d.  cloth. 

"  These  tables  are  desired  to  meet  the  requirements  of  erery-day  ram :  they  are  of  sofi- 
cient  scope  for  most  practical  purposes,  and  may  ht  oommendad  to  en^incan  and  users  of 
steam.?'— /rvr. 

"  This  pocket-book  well  merits  the  attention  of  the  practical  eiurlneer.  Mr.  Foley  has  ooes- 
pOed  a  very  useful  set  of  tables,  the  information  contained  in  wmch  b  firequent^  raquivad  bf 
enginee!>s,  coal  consumers  and  users  of  steam."— /r^n  and  C«al  TVatUx  Revitw, 

Steam  Engine. 

TEXT-BOOK  ON  THE  STEAM  ENGINE.  With  a  Sup- 
plement  on  Gas  En^nes,  and  Part  H.  on  Heat  Engines.  Bj  T.  M. 
Goodete,  M.A.,  Barrister-at-Law,  Professor  of  Mechanics  at  the  Royal 
College  of  Science,  London;  Author  of  "The  Principles  of  Mechanics,'* 
"  The  Elements  of  Mechanism."  &c.  Twelfth  Edition,  Enlarged.  With  nu- 
merous Illustrations.   Crown  8vo,  65.  cloth. 

"Professor  Goodeve  has  given  us  a  treatise  on  the  steam  engine  which  wHI  bcttr  mmpstlw 
with  anything  written  by  Huxley  or  MazweU,  and  we  can  award  it  no  higgler  pniTtt  "     ftryrinsfr. 
"  Mr.  Goodeve's  toxt-book  is  a  work  of  which  erery  young  engfaocr  should  potsess  niotscll." 


MECHANICAL  ENGINEERING,  iU, 


Gas  Engines. 

ON  GAS-ENGINES,    With   Appendix  describing    a    Recent 

Engine  with  Tube  Igniter.    By  T.  M.  GoodivBi  M.A.    Crown  8vo,  15.  6d, 

cloth.  [Just  published, 

"  Lffie  an  Mr.  Goodere's  writlnn,  the  present  Is  no  exception  In  point  of  general  exceUenca 

It  is  a  raluable  little  volume.''— ^tfcAantco/  ty^rU, 

Steam  Engine  Design. 

A  HANDBOOK  ON  I  HE  STEAM  ENGINE,  with  especial 
Reference  to  Small  and  Medium-sized  Engines.  For  the  Use  of  Engine- 
Makers,  Mechanical  Draughtsmen,  Engineering;  Students  and  Users  of  Steam 
Power.  By  Herman  Haeder,  C  E.  Englij-h  Edition,  Re-edited  by  the 
Author  from  the  Second  German  Edition,  and  Translated,  with  considerable 
Additions  and  Alterations,  by  H.  H.  P.  Powles,  A.M  I.C.E.,  M.l.M.E.  With 
nearly  1,100  Illustrations.    Crown  8vo,  95.  cloth. 

"  A  perfect  encyclopjedla  of  the  steam  erigine  and  its  detail?,  and  one  which  must  talte  a  per- 
manent place  in  Engl'sh  drawing-othces  and  workshop^."— y^  Fortman  Patlt/ii-tnnktr. 

"This  is  an  excellent  book,  and  should  be  in  the  hands  of  all  who  are  interested  in  the  con- 
struction and  aesign  of  medium  sized  stationary  engines.  ...  A  careful  study  of  its  contents 
and  the  arrangement  of  the  sections  leads  to  the  conclusion  that  there  is  probably  r.o  other  boqlc 
like  it  in  this  country.  1  he  volume  aims  at  slicn  ing  the  resuKs  of  practical  experience,  and  it 
certainly  may  claim  a  complete  achievement  of  this  idea.  "— A'a/wrr. 

"  There  can  be  no  (juestinn  as  to  its  value.  We  cordially  commend  it  to  all  concerned  in  tho 
design  and  construction  of  the  steam  engine." — Mechanitai  florid. 

Steam  Boilers. 

A  TREATISE  ON  STEAM  BOILERS:  Their  Strength,  Con- 
struction, and  Economical  Working.  By  Robert  Wilson,  C.£.  Fifth  Bditioo. 
i2mo,  6s.  cloth. 

*'Tbe  best  treatise  that  has  erer  been  published  on  steam  boilers."— J?«^n<er. 
"The  author  shows  himself  perfect  master  of  his  subject,  and  we  heartily  recommend  all  em 
ploying  steam  power  to  possess  tnemsdves  of  the  iiixk."—Ryimn4's  ir*n  Tradt  CiraUar, 

Boiler  Chimneys. 

BOILER  AND  FACTORY  CHIMNEYS:  Their Drau^ht-Power 
and  Stability,     With  a  Chapter  on  Lightning  Conductors.     By  Robert 
Wilson,  A.I.C.E.,  Author  of  "A  Treatise  on  Steam  Boilers,"  &c    Second 
Edition.    Crown  8vo,  ss.  6d,  cloth. 
"A  valuable  contribution  to  the  literature  of  scientific  building."— TA/  Sui/dtr, 

Boiler  Making. 

THE  BOILER-MAKER'S  READY  RECKONER  6-  ASSIST- 
A  NT.  With  Examples  of  Practical  Geometry  and  Templating,  for  the  Use 
of  Platers,  Smiths  and  Riveters.  By  John  Courtney,  Edited  by  D.  K.  Clarf, 
M.I.C.B.  Third  Edition,  480  pp.,  with  i4oIIlusts.  Fcap.  8vo,  7s.  half-bonne. 
"  No  workman  or  apprentice  thyukl  be  without  this  t>ook.''— /r«/i  Ttad4  Ltrcuiar. 

Locomotive  Engine  Development, 

THE  LOCOMOTIVE  ENGINE  AND  ITS  DEVELOPMENT. 
A  Popular  Treatise  on  the  Gradual  Improvements  made  la  Railway  Engines 
between  1803  and  1894.  By  Clement  E.  Stretton,  C.B.,  Author  of  **  Safe 
Railway  Working,"  &c.  Third  Edition,  Revised  and  Enlarged.  With  95 
Illustrations.    Crown  8vo,  2s.6d.  clotb  gilt.  [Jwsf  published. 

"  Students  of  railway  history  and  all  who  are  interested  in  the  evolution  of  the  modem  locomo* 
live  will  fintl  much  to  attract  and  entertain  in  this  volume."— 7"A/  Jimet. 

"  The  author  of  this  work  is  well  known  to  the  railway  world,  and  no  one  probably  has  a 
better  knowledge  of  the  history  and  development  of  the  locomotive.  The  volume  bifoic  us 
should  be  of  value  to  all  connected  with  the  railway  system  of  this  country."— A'a/wrr. 

Estimating  for  Engineering  Work.  Ac. 

ENGINEERING  ESTIMATES,  COSTS  AND  ACCOUNTS: 
A  Guide  to  Commercial  Engineering.  With  numerous  Examples  of  Esti- 
mates and  Costs  of  Millwright  Work,  Miscellaneous  Productions,  Steam 
Engines  and  Steam  Boilers;  and  a  Section  on  the  Preparation  of  Costs 
Accounts.  By  A  General  Manager.  Demy  8vo.  125.  cloth. 
"  This  is  an  excellent  and  very  useful  book,  covering  subject  matter  in  constant  requisition  to 

•very  factory  and  workshop.   .   .  .    The  book  is  invaluable,  not  only  to  the  young  engineer,  but 

also  to  the  estimate  department  of  every  works."— Buii't/er. 

"  We  accord  the  work  unqualified  praise.    The  mformation  Is  given  In  a  plain.  Mr.i-jfhtforward 

minner.  and  hears  throughout  evidence  nf  the  intimate  practical  acquaintance  of  the  iuthor  with 

ercry  phase  of  commtrcial  engineering."— AfrcAiiniVa/  IVoiU. 


CROSBY  LOCKWOOD  6*  SON'S  CATALOGUE. 


iTire  Engineering. 

FIRES,  FIRE'ENGISES,  AND  FIRE-BRIGADES.      With 

a  History  of  Fire-Enginet,  their  Constroction,  Use,  and  Management:  Ra- 

marks  on  Fire-Proof  BaildinK%  and  the  Preservation  of  Life  from  Pira; 

Statistics  of  the  Fire  Appliances  in  English  Towns ;  Foreign  Fire  Syirtems ; 

Hints  on  Fire  Brigades,  &c.  &c.    By  Charles  F.  T.  Youmo,  C»B.    With 

numerous  Illustrations.    544  pp.,  demv  8vo,  £1  4s.  doth. 

"  To  tli'>se  interotcd  in  the  subject  of  fires  •nJ  firv  appArnus,  «c  moft  heartfly  oooBe 
^»ok.    It  is  the  only  Hni;lsb  work  we  now  have  ui-oii  the  sabiect."—  Bntitutring^. 

"It  dts:>la>s  much  endence  of  careful  researcti ;   and  Ur.  Yoan£  das  p«a  bis  fccls 
t'Vether.     lii^  ac'{uaiiitaa<-e  with  the  practical  d<>tails  of  the  cunstrucnon  ol  tteam  fire 
oV?  tod  new.  and  the  cou>iilions  with  which  it  is  neccu>ary  they  should  comply,  tsaccHl 
*f ttJL  " —hugvutr. 

Mailer  ill  a  king, 

PLATING  AND  BOILERMAKING  :  A  Practical  Handbook 
for  Woikshop  Operations.  By  Joseph  G.  Horner,  A.M.I.M.E.  (Foreman 
Pattern- Maker).  Author  of  "Pattein  Making,"  &c.  3&0  pagfs,  with  338 
Illustrations.    Crown  8vo,  7s.  (d.  cloth.  \  Just  published, 

"  K  tlirirouijlily  prnctfal.  pliinly-writtrn  Irr.i'i-;?.    Tli?  vr.himc  mrri'S  commrndation.     The 
jMihor'^lun^  CK|>eric-ui.c  enables  liiin  to  write  with  full  k.no»>.*d^cof  his  subject."— 6V«x^'^ap/^ra/A 

J^ngineering  Construction. 

PATTERN -MAKING  :  A  Practical  Treatise,  embracing  the  Main 
Tvpes  of  Engineering  Construction,  and  including  Gearing,  bom  Hand  and 
Machine  made,  Enqine  Work,  Sheaves  and  Pulleys,  Pipes  and  Coliimna, 
Screws,  Macliine  Parts,  Pumps  and  Cocks,  the  Moulding  of  Patterns  in 
Loam  and  Greensand,  &c.,  together  with  the  methods  of  Estimating  the 
weight  of  Castings;  to  which  i»  added  an  Anpendiz  of  Tables  for  Workshop 
Reference.  By  Josei'H  G.  Hur.n:ik,  A.M.l.Kl.E.  (Foreman  Pattcm-Maker). 
Second  Edition,  thoroughly  Rexiscd  and  much  Enlarged.  With  upwards  oC 
450  Illustrations.    Crown  Bvo.  7$.  6d.  cloth.  [Jitst  publhfud, 

"  A  well  written  tet.hni(.al  |?uide,  evidently  wnrttfn  hy  a  man  who  anderstandi  and  bas  piac- 

esed  what  he  has  written  about.  .  .  .  We  c<>rdially  ret.  oiumeud  it  to  rngrceertDg  students,  youcg 

j  oumeyinen.  and  others  desirous  of  Iwinff  initiate^!  into  the  niv»'eries  of  pattvm-nJilring.'* — Builder, 
"More  than  450  illustrations  hel[>  to  explain  the  text,  which  is,  however,  always  dear  and  ea« 

ptldl.  thi.s  rcmlrrhi^  the  work  an  excellent  vaJ*  mecum  for  Iba  apprentice  wtio dasues to beooMS 

eaa»ter  oi  tus  trade.'— .£':^i'tiA  MecAanic. 

Dictionary  of  Mechanical  Engineering  Terms. 

LOCK  WOOD'S  DICTIONARY  OF  TERMS  USED  IN  THE 
PRA  CTICE  OF  hlECHA  NIC  A  L  ENGINEERING,  embracing  those  current 
in  the  Drawing  Office,  Pattern  Shop,  Foundry,  Fittine,  Turning, Smith's  and 
Boiler  Shops,  dec.  &c.  ConiprisinK  upwards  of  6.000  Definitions.  Edited  b/ 
Joseph  G.  Hornep,  A.M.I.M.E.  (l-'oreman  Pattcrn-Makcr),  Author  of  "Pat- 
tern Making."  Second  Edition,  Keviied.  Crown  bvo,  75.  6d.  cloth. 
"Just  the  sort  of  handy  dictionary  required  r>y  the  various  trader  en^a;;^  in  mechanical  en* 

^jieering.    The  practical  enyineenii|f  pupil  will  friid  the  b-ook  of  gru^t  value  m  his  tt^idit*,  and 

every  foreman  engineer  and  mechanic  should  have  a  copy.' — ltHMin£  A'ea.s. 

'Not  merely  a  dictionary,  but,  to  a  certnui  extent,  uly-o  a  most  valuable  guideL     It  strikes  v%  as 

a  happy  idea  to  combine  with  a  dehnition  ot  the  pkiase  useful  iniormatioo  ou  the  subject  of  wbkk 

•t  UtaXi,"— Machinery  Market. 

Mill  Gearing. 

TOOTHED  GEARING  :  A  Practical  Handbook  for  Offices  and 
Workshops.  By  Joseph  G.  IIobner,  A.M.I.M.E.  (Foreman  Patterc-Maker), 
Author  of  "  Pattern  Making,"  &c.  With  1II4  Illustrations.  Crown  8vo,  6s. 
cloth.  [Just  publistud. 

Summary  of  Contekts, 


Chap.  I.  Principles.— II.  Fohma- 
rioN  OF  Tooth  Profiles.— Ill,  Pro- 
'poiiTiONS  OF  Teeth. — IV.  Methods 
■OP  Making  Tooth  Forms.— V.  Invo- 
lute Teeth. —  VI.  Some  Special 
Tooth  Forms.— VII.  Bevel  Wheels. 
—  VIII.  Screw  Gears. —  I.X.  Worm 
^Jfarr.— X.   Helical   Wheels.— XI. 

•*  We  must  give  th-  lKH>k  our  nntiuabfiei  prnisc  for  Its  thorourhncss  of  treatment,  and 

heartily  recommend  it  to  all  interested  as  the  niost  practical  book  on  the  Sublect  y«^  srr  ttao."-* 
MecJ:an*-^l  IVorU, 


Skew  Bevels.— XII.  Variable  and 
other  Gears. —  XIII.  Diametricai. 
Pitch.— XIV.  The  Odontograph.— > 
XV.  Pattern  Gears.— XVI.  Machine 
Moulding  Gears.— XVII.  Machime 
Cut  Gears.— XVill.  Proportion  or 
Wheels. 


MECHANICAL  ENGINEERING,  etc. 


8tone--working  Machinery* 

STONE'WORKING  MACHINERY,  and  the  Rapid  and  Economi- 
cal Conversion  of  Stone,  With  Hints  on  the  Arrangement  and  Management 
of  Stone  Works.  Bv  M.  Powis  Balb,  M.I.M.E.  With  Ulusts.  Crown  bvo,  94. 
"  The  bouk  should  be  u  Um  bands  of  avery  masoo  or  studeat  of  txoan-motk,"—C0-4t*ry 

Gumrdian. 

"  A  capital  handbook  for  all  who  manipulate  stone  (or  bnildlnff  or  ornamental  purpotas. '— 

Machinery  Mar  Jut, 

Biunp  Construction  and  ManagemenU 

PUMPS  AND  PUMPING  :  A  Handbook  for  Pump  Users.  Being 
Notes  on  Selection,  Construction  and  Management.     By  M.  Powia  Bale, 
M.I.M.E.,  Author  of  "  Woodworking  Machinery,"  "  Saw  Mills,"  &c.  Second 
Edition,  Revised.    Crown  8vo,  2S.  od.  cloth. 
"The  matter  is  set  forth  as  concisely  as  possible,  in  fact,  condensadon  rather  than  ditniaeness 

bas  been  the  author's  aim  ihroui^hout ;  yet  he  does  not  seem  to  have  omitted  anything  likely  to  be 

•f  wui."—youitta/ o/Gas  Lin^hting. 

"  Thoroutfhly  practical  and  simply  and  clearly  written." — Glasgow  Herald, 

Milling  Machinery^  etc, 

MILLING  MACHINES  AND  PROCESSES:  A  Practical 
Treatise  on  Shaping  Metals  by  Rotary  Cutters,  incladiog  Information  on 
Making  and  Grinding  the  Cutters.  By  Paul  N.  Hasluck,  Author  of"  Lathe> 
work,"  "  Handybooks  for  Handicratts,*'  &c.  With  upwards  of  300  Engrav- 
ings, including  numerous  Drawings  by  the  Author.  Large  crown  8vo,  35a 
pages,  125.  6d.  cloth. 
"  A  new  departure  in  en^neertng  literature.    ,    .    .    We  can  recommend  this  work  to  all 

Interested  in  milting;  machines  ;  it  is  wlut  it  profes-ses  to  be— a  practical  treatise." — Engineer. 

"  A  capital  and  reliable  book,  which  will  no  doubt  be  of  considerable  service,  both  to  those 

who  are  already  acquainted  with  the  process  as  well  as  to  those  who  contemplate  its  adoption." 

Jndtutries, 

Turning. 

LATHE-WORK  :  A  Practical  Treatise  on  the  Tools,  Appliances, 

and  Processes  employed  in  the  Art  0/  Turninfg.      By  Paul  N.  nASLUcm. 

Fifth  Edition,  Revised  and  Enlarged     Cr.  8vo,  5s.  cloth. 

"  Written  by  a  man  who  knows,  not  only  bow  work  ought  to  be  done,  but  who  also  knows  Im« 
to  do  it,  and  how  to  convey  his  knowledge  to  otbocs.  To  all  turners  this  book  would  be  valuattte.* 
^£ngiHeeriHg. 

"  We  can  safely  recommend  the  work  to  young  engineers.  To  the  amateur  It  wtO  simply  be 
invaluable.    To  the  studeutit  will  convey  a  great  deal  of  useful  Information."— Jwyiwatr, 

ticreW'Cutting* 

SCREW  THREADS:    And  Methods  0/  Producing  Them.     With 

Numerous  Tables,  and  complete  directions  for  using  Screw-Cutting  Lathes. 
Bv  Paul  N.  Hasluck,  Author  of  "  Lathe- Work,"  &c.  With  Seventy-four 
Illustratinas.  Third  Edition,  Revised  and  Enlarged.  Waistcoat-pocket  sixe» 
15.  td,  cloth. 
"  Full  of  u<>e.ul  information,  hints  and  practical  crltlctsm.  Taps,  dies  and  screwlng-tools  g«n» 
rally  are  iUu^tratitd  and  their  action  described." — Mechanical  IVorld. 

"  It  is  a  complete  (^mpcndium  of  all  the  details  of  the  screw  cutting  lathe ;  In  fact  a  tnuUum 
in  parvo  on  all  the  subjects  it  treats  upon.'' — Carpenter  and  Builder, 

8fnith'a  Tables  for  Mechanics,  etc. 

TABLES,  MEMORANDA,  AND  CALCULATED  RESULTS, 
FOR  MECH ASICS,  ENGINEERS,  ARCHITECTS,  BUILDERS,  etc. 
Selected  and  Arranged  by  Francis  Smith.  Fifth  Edition,  thoroughly  Revised 
and  Enlarged,  with  a  New  Section  of  Electrical  Tables,  FoRiiULiB,  and 
Memoranda.    Waistcoat-pocket  size,  is.  6d.  limp  leather. 

"  It  would,  perhaps,  be  as  difhcult  to  make  a  small  pocket-book  selection  of  notes  and  formula 
to  suit  ALL  engineers  as  it  would  be  to  make  a  universal  mediciue ;  but  Mr.  Smith's  walstcoet* 
pocket  collection  may  be  looked  upon  as  a  successful  attempt." — Engineer. 

"The  t)est  example  we  have  ever  seen  of  370  pages  of  useful  matter  packed  Into  the  dim— 
sJons  of  a  card-case."— ifMuaifv  News,       "A  veritaole  pocket  treasury  of  knowledge."— /rM*. 

Fretich' English  Glossary  for  Engineers^  etc* 

A  POCKET  GLOSSARY  of  TECHNICAL  TERMS:  ENGLISH- 
FRENCH,  FRENCH-ENGLISH ;  with  Tables  suitable  for  the  Architectural, 
Engineering,  Manufacturing  and  Nautical  Professions.  By  John  Jambs 
Flktchkr,  Engineer  and  Surveyor,  Second  Edition,  Revised  and  Enlarged, 
aoo  pp.    Waistcoat-pocket  size,  is.  6d,  limp  leather. 

"  It  is  a  very  great  advantage  for  readers  and  correspondents  in  France  and  England  to  luve 
■o  large  a  number  of  the  words  relatir.i;  to  engineering  and  m»nutacturers  colluctcd  m  a  Ullputlae 
volume.    The  Uttle  book  will  be  useful  both  to  students  and  traveLers."— /f  rrAiVret. 

"  The  irlossary  of  terms  is  rerj  co  nplete,  and  manir  of  Che  tat>iet  are  new  and  well  airaagetf* 
We  cordially  commend  the  book.  —MtcManiemi  tVerIm, 


8  CROSBY  LOCK  WOOD  6*  SON 'S  CA  TALOGUR. 

^ear-Book  of  Engineering  FormuUje,  <Uc 

THE  ENGINEER'S  YEAR-BOOK  FOR  1895.  Comprising- 
Formulae,  Rules,  Tables,  Data  and  Memoranda  in  Ciyil,  Mechanical,  Elec- 
trical. Marine  and  Mine  Eogineericg.  By  H.  R.  Kimpb.  A.if.  lDSt.C.B.,. 
M.I.E.E..  Technical  Officer  of  ibe  Enginfeer-in-Cbiel's  Office,  General  Post 
Office.  London,  Author  of  "A  Handbook  of  Electrical  Testing,"  "The 
Electrical  Eneineer's  Pocket- Book,"  &c.  N\iih  750  Illostrations,  specially 
Enfsraved  for  ine  work.  Crown  b\o.  650  pages,  8s.  leather.  [Jiat  publishta, 
"  Represents  an  enonnous  qiuctity  of  work,  and  fotniS  a  dc&irable  book  oi  reference."— JAr. 

Engineer. 

•'  The  book  is  distirct'y  in  advance  of  most  vmilar  j  iMcatJcrsin  thi«  country."— .^iv*Mrr<»rf 
"  This  valuabte  and  well  desi|fned  book  of  rU'erence  Uiceis  :Le  demands  oi  all  detcnfrttoiu  oi 

engineers.  "—AoTKrirflajf  Rnnrw. 

"Teems  with  up-to-date  in/brmation  in  every  branch  of  engineering  asd  constmctkML"— 

Buiidin^  Neit-s. 

"  The  needs  of  the  engineering  profes*i;"n  could  harrt!y  be  supplied  ta  i  more  adndrablc. 

complete  and  convenient  form.    To  say  tlut  it  u  <^re  t]>;.n  ^us:«i^.s  ih  comparisons  is  pnu»e  i4  ib^. 

highest  sort,  ai  d  th«t  may  justly  l-c  Said  oi  it    —."/.•»«•*; ^'  Ji'trt  ai. 

"There  is  certamly  room  'or  the  new  cn^er.  which  suj  j.-:e4  exp'aralions  and  d-rectiors,  as 

well  as  formulae  and  tables.    It  deserves  to  beccine  cr.e  ot  the  Diost  successful  of  the  tedmicaL 

annuals. ' ' — A  rcM  i/ftU 

"Brings  together  with  great  skill  all  '.he  ted  nicnl  irfcrmat^en  which  an  engineer  has  to  vs» 

day  by  day.    It  is  m  every  way  adniirably  t  ■,. -.i  \  vd,  and  is  sure  to  prove  successFiiL"— 5fBrrw»«»i- 
"  The  up-to  dateness  of  Mr.  Kenijie  s  ct  ti<(  i:a::<:ii  is  a  quality  that  will  not  be  loftt  on  the  buj^ 

people  for  «hom  the  work  is  intended. '■—o. a j^-ira  Herald. 

Portable  Engines. 

THE  PORTABLE  ENGINE;  ITS  CONSTRUCTION  ANB 
MANAGEMENT.  A  Practical  Manual  for  Owners  and  Users  of  Steaa 
Engines  generally.  By  William  Dvsom  Wamsbrough.  With 90  Illostra- 
tions.   Crown  8vo,  3s.  6d.  cloth. 

**  This  is  a  work  of  value  to  those  who  use  steam  machlncffy.  .  .  .  Shookl  be  reed  by  even  * 
one  who  has  a  steam  engine,  on  a  farm  or  elsewhere." — Mark  Lane  Exprtss. 

"  We  cordially  commend  this  work  to  bu)ers  and  ovtners  of  steam  engines,  and  to  thoM  wh» 
have  to  do  with  their  construction  or  use.'—  7«»:*<t  Trades  y^umal. 

"  Such  a  general  knowledge  of  the  steam  en^ir.e  as  Mr.  Wansbiouph  furnishes  to  the  t«adee 
should  be  acquired  by  all  intelligent  owners  and  others  who  use  the  ste^m  engine." — BttiUUng  New*. 

"  An  excellent  text-book  of  this  usefil  foini  of  er^in*.  '  The  HLntsto  Purchaaen'  contain » 
good  deal  of  commonsense  and  practical  wisdom.  '—£n^Uik  Mtihanic 

Iron  and  SteeU 

"  IRON  AND  STEEL  "  ;  A  Work  for  the  Forge,  Foundry,  Pactofy, 

and  Officii  Containing  ready,  useful,  and  trustworthy  Information  for  Iron- 
masters  and  their  Siock-taktrs ;  Managers  of  Bar,  Rail,  Plate,  and  Sheet 
Rolling  Mills:  Iron  and  Me-ial  Founders;  lion  Ship  and  Bridge  Bnilders ; 
Mechanical,  Mining,  and  Consulting  Engineers  ;  Azcbitects*  Contractors, 
Builders,  and  Professional  D!autbtsn^.en.  By  Chables  H oar b.  Author  cl 
"The  Slide  Rule,"&c.  Eighth  Ediiicn,  Revised  throughout  and  considerably 
Enlarged.    32mo,  65.  leather. 

"  For  comprehensiveness  the  book  has  not  its  equal."— /rrn. 

•'  One  of  the  Iwjst  of  the  pocket  books.  —Ent^iun  Mtchanu, 

*'  We  cordially  recommend  this  tiook  to  those  engaged  in  consldeflnc  the  detalb  of  all  kinds  of 
ir  }n  and  steel  works."— Aorio/  ScUnct. 

Elementary  Mechanics. 

CONDENSED  MECHANICS,  A  Selection  of  Formulae,  Rnles> 
Tables,  and  Data  for  the  Use  cf  Engineering  Students,  Science  Classes,  &c 
In  Accordance  with  the  Requirements  cf  the  Science  and  Art  Department. 
By  W.  G.  Crawford  Hughes,  A.M.I.C.E.    Crown  8vo.  24.  6J.  cloth. 

••  The  book  is  well  fitted  for  those  who  are  either  c^rfrc  i-.ted  with  practical  problems  in  thei> 
work,  or  are  preparing  for  examination  and  wi^h  to  reiresrh  their  knowledge  by  going  through  theis 
formuUr  again."— ^Vart«r  HftgMirer. 

"  It  is  well  arranged,  and  meets  the  wants  of  those  for  whom  it  is  intended."— JK«tf»«jf  A'nrr,. 

Steam. 

THE  SAFE   USE  OP  STEAM.     Containing  Rules  for  Un- 

professional  Steam-users.    By  an  Engineer.    Sixth  Edition.    Sewed,  6d. 
"  If  steam-users  would  but  learn  this  little  t>ook  by  heart,  boiler  explosions  would  horoms 
sensations  by  their  rarity."— £^»v^/uA  Mechanic 

Warming. 

HEATING  BY  HOT   WATER:  with  Information  and  Sugr 

gestions  on  the  best  Me4hods  of  Heating  Public.  Private  and  HorticnltnraJ 
Buildings.    By  Walter  Jones.    SeccLd  Editicn.     With  96  Illnstra  ions. 
Crown  8vo,  as.  6rf.  net. 

**  We  confidently  recommend  all  Interested  in  heattog  ty  hot  water  to  scoue  a  copy  of  thte 
va'uab'e  littto  treatise."— rA/  Plumbtr  and  Deurator, 


CIVIL  ENGINEERING,  SURVEYING,  eU. 

CIVIL  ENGINEERING,  SURVETING,  eto. 


Water  Supply  anil  Water-Works. 

THE  WATER  SUPPLY  OF  TOWNS  AND  THE  CON^ 
STRUCTION  OF  WATER-WORKS:  A  Practical  Treatise  for  the  Use  of 
Engineers  and  Studen's  of  Engineering,  by  W.  K.  Burton,  A.M.Inst  C  E.r 
Professor  of  Sanitary  Engineering  in  the  Imperial  University,  Tokyo,  Japan, 
and  Consulting  Engineer  to  the  Tokyo  Water- wcrks.  With  an  Appendix  oa 
the  Effects  of  Earthquakes  on  Waterworks,  by  John  Milne.  F.R.S.,  Pro- 
fessor of  Mining  in  the  Imperial  University  of  Japan.  With  numerous 
Plates  and  Illustrations.    Super-royal  8vo,  25s.  buckram.        [J«^t  published'^ 

"  The  whole  art  of  waterworks  construction  is  dealt  with  in  a  clear  and  comprehensive  fashion 
in  this  handsome  volume.  .  .  .  Mr.  Burton's  practical  treatise  shows  in  all  its  sections  the  fruit 
of  independent  study  and  indivi<iual  experience.  It  is  Lirtjel^  ba.scd  upon  his  own  practice  in  the 
branch  of  en^^eerin^  of  which  it  treats,  and  witli  such  a  basis  a  treatise  can  scarcely  tajl  to  be  sug- 
festive  and  u'scful."— Saturday  Kcvtnv. 

"  Professor  Burton's  book  is  !>ure  ot  a  warm  welcome  among  engineers.  It  is  written  in  cleai 
and  vigorous  language  and  forms  an  exhaustive  treatise  on  a  branch  of  engineering  the  clainis  o« 
which  It  would  be  dimcult  to  over-estimate."— .SV»/:f»«a«. 

"The  subjects  seem  to  us  to  lie  ably  discussed,  with  i^  practical  aim  to  meet  the  rct^uirements 
of  all  its  probable  readers.    Tlie  vo'.umc  is  well  got  up,  and  the  illustrations  are  excellent. ' 

The  Latutt*. 

The  Water  Supply  of  Cities  and  Towns. 

A  COMPREHENSIVE  TREATISE  an  the  WATER-SUPPLY 
OF  CITIES  AND  TOWNS,  By  William  Humbbr,  A-M.Inst.C.E.,  and 
M.  Inst.  M.S.,  Author  of  "Cast  and  Wrought  Iron  Bridge  Construction/* 
&c.  &c.  Illustrated  with  50  Double  Plates,  z  Single  Plate,  Coloured* 
Frontispiece,  and  upwards  oi  250  Woodcuts,  and  containing  400  pages  of 
Text.    Imp.  4to,  £6  6s.  elegantly  and  substantially  half-bound  in  morocco* 


Ltstof 
I.  Hbtofflcal  Sketch  of  foma  of  the  means 
Hut  have  been  adopted  for  the  Supply  of  Water 
to  Cities  and  Towns.— II.  Water  and  the  Fo> 
w^fn  Matter  usually  associated  with  it.— III. 
Rainfall  and  Evaporation.— IV.  Springs  and 
the  water-bearing  formations  of  Tsrious  dis> 
tvicts.— V.  Measurement  and  Estimation  of  the 
flow  of  Water— VI.  On  the  Selection  of  the 
Source  of  Supply.— VII.  Wells.-VIII.  Reser- 
voirs.—IX.  The  Purification  of  Water.— X. 
Pomps.  —  XL    Pumping    Machinery.  —  XII. 


Contents. 

Conduits.— XIXL  DIstilbttfloB  of  Water.— X1V» 
Meters,  Service  Pipes,  and  House  Fittings.— 
XV.  The  Law  and  Economy  of  Water  WmIu. 
XVIi  Constant  and  Intermittent  Supply.— 
XVII.  Description  of  Plates.  —  Aopendices, 
glring  Tables  of  Rates  of  Supply,  Velodtiet, 
&c  fc,  together  with  Specifications  of  severaL 
Worlis  illustrated,  among  which  will  be  found  t 
Aberdeen,  Bideford.  Cantertnuy,  Dundee, 
Halifax,  Lambeth,  Rothafhain,  DvbUa«  sad 
others. 


"  The  most  systematic  and  valuable  work  upon  water  supply  hitherto  produced  In  English,  ot 
In  any  other  language.  .  .  .  Mr.  Humbers  work  is  characterised  almost  throughout  by  aiw 
exhaustiveness  much  more  distinctive  of  French  and  German  than  of  English  techniol  treatuM." 
—Bfigineer. 

'~We  can  coogiatulate  Mr.  Humber  on  having  been  able  to  give  to  large  an  anunmt  of  lnfor> 
nation  on  a  subiect  so  important  as  the  water  supphr  of  cities  and  towns.  The  plates,  fifty  la 
numl>er,  are  mostly  drawings  of  executed  works,  and  alone  would  have  commandea  the  atlWlWOe 
of  every  engineer  whose  practice  may  be  m  this  branch  of  the  profession."— ^w*US«r. 

Water  Supply. 

RURAL  WATER  SUPPLY :  A  Practical  Handbook  on  the. 
Supply  of  Water  a  nd  Construction  of  Waterworks  for  small  Country  Districts. 
By  Allan  Grkknwell,  A.M.I.C.E.,  and  W.  T.  Curry,  A.M.I.C.E.,  F.G.S. 
With  Illustrations.    Crown  Svo,  55.  cloth.  [Jiut  rtady. 

Hydraulic  Tables. 

HYDRAULIC  TABLES,  CO-EFFICIENTS, and  FORMULJB 
/or  finding  the  Discharge  of  Water  from  Ortfices,  Notches,  Weirs,  Pipes,  and 
Rivers,  with  New  ForinulsB,  Tables,  and  General  Information  on  RainfalL 
Catchment' basins,  Drainage,  Sewerage.  Water  Supply  for  Towns  and  Mill 
Power.  By  John  Neville,  Civil  Engineer,  M.R.l.A.  Third  Ed.,  carefully 
Revised,  with  considerable  Additions.  Numerous  lUusts.  Cr.  8vo,  145.  cloth. 
"  Alike  valuable  to  students  and  engineers  in  practice  ;  Its  study  «ill  prevent  the  annoyance  of* 

BTOIdable  failures,  and  assist  them  to  select  the  readiest  means  of  successfully  carrying  out  any 

given  work  connected  with  hydraulic  engineering." — J/i'«i«jf  yct*ri:al. 

"  It  is,  of  ah  English  books  on  the  suDject,  the  one  nearest  to  completeness.    .    .    .   From  tha 

good  arrangement  of  the  matter,  the  clear  explanations,  and  abundance  of  formulae,  the  careAiIl]| 

calculated  tables,  and,  above  all,  the  thorough  acquaintance  with  both  theory  and  constructloa*. 

irtilch  is  displayed  from  first  to  last,  the  book  will  be  found  to  be  an  acqulsitioa.  — ^rckiteA 


a        Crosby  lockwood  *  son's  catalogue, 

yR.  MUTTONS  PRACTICAL  HANDBOOKS. 

Banilbook  for  fTorks'  Managers. 

THE   IVOHKS-   MANAGERS   HANDBOOK  OP  UODBRH 
RULES,  TABLES,  AKD  DATA.    For  EnglDMn.  Millwiighii,  aad  Boiler 

1L1^bd*>-     XnnI    hfn1[*r«     MferhinEila    mn^    MftlDL    Wntk^rt  I     Iron    ApH     RrBCa 

nlEntlnee 


[■;  >Ad(  a  fimdicat  work,  luttA  (• 

■  HI.  vonlil  bi /ateurably  ratirri, 

si  Srilign  hai  btti}  Ti-wrillm  and  imprvrrd  by  Hi' 

-  Is  St>«h  EHr.iKis  anJ 


Seiv  Mannnl  for  Practical  Eriffineers, 

THE  PRACTICAL  ENGINEER'S  HAND-BOOK.  Comprising 
>Tr»l»«  DD  Klcdern  Eniinel  BDd  Boilris:  Mirioe,  LoeotBotive  •od  Su- 
llonari.  And  coniaininK  a  Uige  colleclion  ol  Rules  siid  P.sciinI  Data 
relaling  lo  rcceDI  Pmclicg  in  DeaicDini  and  Conslrueling  bU  kindi  ol 

fomp°Senfi'vrK'erioih'BBr».d'o"TladerndolherEiam1AuMriDr^ 
6c*tu  m  CoDipclcnc)!  in  Modern  Mecbaaical  Enirincrripg.    Bv  Walth  S. 
HuTTOH,  Civil  and  Nrchaoical  Eniineer,  Author  of '-TheAVorta'  Uanam's 
Handbook  (Or  Banineen."  Ik.   Wiih  upwards  Dt  370  llluamtiotii-    Fonnb 

Edilion,  Reviled,  wilh  Addilioni.     Meiiur  °  -    ' .        . 

Suonglj.beund.         ^   ^^  ^  ^   ^^ 

HAKAQd-i  Haj^book."    II  fearaitmuny  <u 


|>p.,  ptica  lb. 
ro  1*11  Aulhoi't   "WoHf* 


CIVIL  ENGINEERING,  SURVEYING,  etc. 


Student's  Text-Book  on  Surveying* 

PRACTICAL  SURVEYING:  A  Text-Book  for  Students  pre- 
paring  for  Examination  or  for  Survey-work  in  the  Colonies.  By  Gborgb 
W.  UsiLL,  A.M.I.C.E.,  Author  of  •'The  Statistics  of  the  Water  Supply  of 
Great  Britain."  With  Four  Lithographic  Plates  and  upwards  of  330  Illustra* 
tions.  Third  Edition,  Revised  and  Enlarged.  Including  Tables  of  Natural 
Sines,  Tangents,  Secants,  &c.  Crown  8vo,  js.  6d.  cloth  ;  or,  on  Thin  Paper, 
bound  in  limp  leather,  gi.t  edges,  rounded  corners,  for  pocket  use,  its.  6d. 
"  The  best  fomu»  of  instrutneats  are  described  as  to  their  cotutrudion,  uses   and  modes  of 

•mploymei.t,  ani  there  are  innumerable  hints  on  work  and  eauipment  such  as  the  author,  in  his 

experience  as  survejror,  draughtsman,  and  teacher,  has  founa  necessary,  and  which  the  student 

«a  his  inexperience  will  nnd  most  serviceable."— Z:n^'»Mr. 

"/The  latest  treatise  m  the  Enjfliah  language  on  surveying',  and  we  have  no  hcshation  tn  say* 

Inc  that    the  student  will  find  tt  a    better   guide   than  any    of  its  predecessors 

Deserves  to  be  recognised  as  the  first  t)ook  which  should  be  put  in  the  hands  of  a  pupil  of  Civil 

Engineering,  and  every  gentleman  of  education  who  sets  out  for  the  Colonies  would  find  it  well  to 

have  a  copy.  "—A  rxkitta. 

Survey  I^ractice. 

AID  TO  SURVEY  PRACTICE,  for  Reference  in  Surveying,  LevH* 
lin^,  and  Setting-out ;  and  in  Route  Surveys  0/  Travellers  by  Land  and  Sea, 
With  Tables,  Illustrations,  and  Records.  By  Lowis  D'A.  Jackson, 
A.M.I.C.E.^  Author  of  "  Hydraulic  Manual,"  "  Modem  Metrology,"  ftc. 
Second  Edition,  Enlarged.  Large  crown  Svo,  its.  6d.  cloth. 
"A  valuable  vade-met-Htn  for  the  surveyor.    We  can  lecouunenc  this  book  as  containing  an 

admirable  supplement  to  the  teaching  of  the  accomplished  surveyor."—  Att:fueufit, 

"  As  a  tezt-booK  we  sAoukl  advise  all  surveyors  to  place  it  m  their  libraries,  and  Study  wdl  the 

matured  instructions  afforded  in  its  pages." — Colliery  Guan/ian. 

"  The  author  brings  to  his  work  a  forttmate  union  of  theory  and  practical  ezpertence  wl}ich« 

aided  by  a  clear  and  lucid  style  of  writing,  renders  the  t>ook  a  veiy  usofiil  aam,"— Builder, 

Surveying  J  Land  and  Marine. 

LAND  AND  MARINE  SUR  VEYING,  in  Reference  to  the  Pre- 
paration of  Plans  for  Roads  and  Railws^s ;  Canals,  Rivers,  Towns'  Water 
Supplies;  Docks  and  Harbours.  With  Description  and  Use  of  Surveying 
Instruments.  By  W.  D.  Haskoll,  C.E.,  Author  of  "  Bridge  and  Viaduct  Con- 
struction," &c.  Second  Edition,  Revised,  with  Additions.  Large  cr.  8vo,  9s.  cl. 
"  This  book  must  prove  of  great  value  to  the  student.  We  have  no  hesitation  in  rtcommend* 
ing  it.  feeling  assured  that  it  will  more  than  repay  a  carefUl  study."— Metkanical  Iforld. 

"  A  most  I  s  iful  and  well  arranged  book.    W  e  can  strongly  recommenc  it  as  a  carefully>wnttwi 
and  valuable  tezt-book.  Itet\Joysa  wcil-deserved  repute  among  warwfOT%." —' Builder. 

"  This  volume  cannot  fall  tu  yr\j\e  of  the  utmost  practical  utlhty.  It  may  be  safely  recommended 
to  an  students  who  aspire  to  tiecome  clean  and  exp^  surveyors."— lAfmiiv'  y9urnaL 

Field-Book  for  Engineers. 

THE    ENGINEER'S,  MINING  SURVEYOR'S,  AND  CON- 

TRA  CTOR  'S  FIELD-BOOK.    Consisting  of  a  Series  of  Tables,  with  Rules. 

Explanations  of  Systems,  and  use  ol  Theodolite  for  Traverse  Surveying  and 

Plotting  the  Work  with  minute  accuracy  by  means  of  Straight  Edge  and  Set 

Square  only ;    Levelling  with  the  Theodolite,  Casting-out  and  Reducing 

Levels  to  Datum,  and  Plotting  Sections  in  the  ordinary  manner ;  setting-out 

Curves  with  the  Theodolite  by  Tangential  Angles  and  Multiples,  with  Right 

and  Left-hand  Readings  of  the  Instrument:    Setting-out  Curves  without 

TheodoUte.  on  the  System  of  Tangential  Angles  by  sets  of  Tangents  and  Off* 

sets :  and  Earthwork  Tables  to  80  feet  deep,  calciuated  for  every  6  inches  in 

depth.    By  W.  D.  Haskoll,  C.E.    Fourth  Edition.    Crown  bvo,  its,  cloth. 

"The  t)Ook  is  very  handy ;  the  separate  tables  of  stnes  and  tangents  to  every  minute  will  make 

it  useful  for  many  other  purposes,  the  genuine  traverse  tables  existing  all  the  suDit,"—Athen4runt. 

"  Zvery  person  engaged  in  engineering  field  operations  will  estimate  the  Importance  of  tuch  a 

work  and  the  amount  of  valuable  time  which  will  be  saved  by  reference  to  a  set  of  reliable  tables 

prepared  with  the  accuracy  and  fulness  of  those  given  in  this  volum*."— je«iteiV  News, 

JLevelling. 

A  TREATISE  ON  THE  PRINCIPLES  AND  PRACTICE  OP 

LEVELLING.    Showing  its  Application  to  purposes  of  Railway  and  Civil 

Engineering,  in  the  Construction  of  Roads:  with  Mr.TBLPORD's  Rules  for  the 

same.    ByFRSDERiCK  W.  Simms,F.G.S.,  M.InstC.E.     Seventh  Edition,  with 

the  addition  of  Law's  Practical  Examples  for  Setting-out  Railway  Curves,  and 

Trautwinb'b  Field  Practice  of  Layii>g-out  Circular  Curvet.    With  7  Plates 

and  numerous  Woodcuts.    8vo,  81.  (M.  doth.      %*  Trautwimb  on  Curvet 

may  be  had  se^^arate,  55. 

"  The  textbook  on  levelling  In  most  of  oar  en^flnoertn^  schools  and  coOegof.    .    .        .   The 

publishers  have  rendered  a  substantial  service  to  the  professioru especially  to  the  younf  er  nembers, 

by  bringing  out  the  present  edition  of  Mr.  Simms's  useful  book  "•~Eii£inetr. 
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TrigofunnetnccU  Surveyitig. 

AN  OUTLINE  OP  THE  METHOD  OP  CONDUCTING  A 
TRIGONOMETRICAL  SURVEY, /or  the  Formatitm  of  Georrapkical  amd 
Topographical  Maps  and  Plans,  Military  Reconnaissance,  Levelling,  &c.,  with 
Useful  Problems,  FormuljB,  and  Tables.  By  Lieut-General  Frowk,  R.E. 
Fourth  Edition,  Revised  and  partly  Re- written  by  Major  General  Sir  CHARLsa 
Warrsm,  G.C.M.G.,  R.K.  With  19  Plates  and  1x5  Woodcatt.  Royal  8vo,  x6s. 
cloth. 

"TlMrimplefkcttlutsfoafth  edMoii  hu  twen  called  for  b  the  bort  tMttmeaytaHsmwWt. 
No  words  of  praise  from  us  can  strengthen  the  positioa  so  well  and  so  steadily  maimanad  by  this 
work.  Sir  Charles  Wsrren  has  revised  the  entire  work,  and  made  such  a^dWwit  as  wwa  aaoMnrr 
to  tMteff  orery  portion  of  the  coataots  up  to  th«  pcoscnt  data."— ^r»M^  Arrww, 

CurveSf  Tables  far  Setting-ouu 

TABLES  OP  TANGENTIAL  ANGLES  AND  MULTIPLES 
/or  Setting-out  Curves  from  5  to  soo  Radius.  By  Alsxandbk  Bbaxblxy* 
M .Inst.C.lS.  Fourth  Edition.  Printed  on  48  Cards,  and  sold  in  m  doth  bos, 
waistcoat-p>ocket  size,  3s.  6d, 

"  Each  table  is  printed  on  a  smaD  card,  which,  befc?  placed  on  the  theodofto,  loaras  the  hands 
c  tne  instrument— no  small  advantage  as  rc«;ards  thr  rapidity  of  work."— J?»v'*>'''^< 


to  manipulat« 

"Very  handy ;  a  man  may  know  that  all  his  day  s  work  must  fall  on  two  of 
ho  puts  into  his  own  card-case,  and  leaves  the  rest  behind.  —AtJunMutm, 

Earthwork. 

EARTHWORK  TABLES.  Showing  the  Contents  in  Cubic 
Yards  of  Embankments,  Cuttings,  &c.,  of  Heights  or  Depths  up  to  aa 
average  of  80  feet.  By  Joseph  Broadbent,  C.E..  and  Francis  Campim,  CE. 
Crown  Bvo,  55.  cloth. 

••  The  way  in  which  accuracy  is  attahicd.  by  a  simple  dtvision  of  each  cross  sactiaa  Into  ths«» 
•laments,  two  in  which  are  constant  and  one  variable,  is  Ir^enious.'— ^/Ar>«4r»»»«. 

Earthwork^  Measiiretnent  of, 

A   MANUAL  ON  EARTHWORK,    By  Alex.  J.  S.  Graham, 
C.E.    With  numerous  Diagrams.    Second  Edition.    iSmo,  ».  6d.  cloth. 
"A  gpreat  amount  of  practical  Information,  very  a'im!rably  arranged,  and  available  for  rooKk 

•sHmatea,  as  well  as  for  the  mora  exact  calculations  required  in  the  engineer's  and  contractor's 

Officaa.  '"ArtitaH, 

£unneUing, 

PRACTICAL  TUNNELLING,  Explaining  in  detail  the  Setting, 
out  of  the  works,  Shaft-sinking  and  Heading-driving,  Ranging  the  Lines  and 
Levelling  underground,  Sub-Excavatine,  Timbering,  ana  the  Construction 
of  the  Brickwork  of  Tunnels,  with  the  amount  of  Labour  required  for,  and  the 
Cost  of,  the  various  portions  of  the  work.  By  Frederick  W.  Simms,  F.G.S., 
M.Inst.C.E.  Third  Edition,  Revised  and  Extended  by  D.  Kinnear  Clark, 
M.Inst.  C.E.  Imperial  8vo,  with  3X  Folding  Plates  and  numerous  Wood 
Engravings,  305.  cloth. 

"  The  estimation  in  which  Mr.  Shnms's  book  on  tuimelllng  has  been  held  for  over  thirty  yvan 

cannot  bemoretrulyexpressedthaninthewordsofthe  late  Prof.  Rankine  .—'The  best  source  <tftn- 

fonnatioo  or  the  subiect  of  tunnels  is  Mr.F.W.  Simms  s  work  on  Practical  Tunnelhnff.'"— ^rrAitecA. 

"  It  has  been  rei^rvded  froin  the  first  as  a  text-book  of  the  subject.  .  .  .  Mr.  Clark  has  addod 

fanmansely  to  the  value  of  the  boolL."—£tt£iwtr. 

Tunnel  Shafts. 

THE  CONSTRUCTION  OP  LARGE  TUNNEL  SHAPTS :  A 
Practical  and  Theoretical  Essay.  By  T.  H.  Watson  Buck,  M.InstC.E., 
Resident  Engineer,  London  and  North-westem  Railway.  Illustrated  with 
Folding  Plates.     Royal  8vo,  12s.  cloth. 

"  Many  of  the  methods  given  are  of  extreme  practical  value  to  the  mason ;  and  the  ot>serrallor  s 

on  the  form  of  arch,  the  rules  for  ordering  the  stone,  and  the  construction  of  the  templates  will  Im 

fbund  of  considerable  use.  We  commend  the  book  totheer^necrinc  profession.''— BuiUHn^  N^ewe 

"Will  be  re(;arded  by  civil  ene^neers  as  of  the  utmost  value,  and  calculated  to  save  nuch  tlin* 

ani  obviate  many  mistakes." — CoitUry  Guardian. 

Oblique  Bridges, 

A  PR  A  CTICA  LAND  THEORETIC  A  L  ESS  A  Y  ON  OBLIQ  UB 
BRIDGES.  With  13  large  Plates.  By  the  late  Grorob  Watson  Buck, 
M.l.C.E.  Fourth  Edition. revised  by  bis  Son,  j.  H.  Watson  Buck,  M.I.C.E.  ; 
and  with  the  addition  of  Description  to  Diagrams  for  Facilitating  the  Con- 
struction of  Oblique  Bridges,  by  W.  H.  Barlow.  M.I.C.E.  Roy.  SvaiRs  cK 
"  The  standard  text-t>ook  for  all  enelneers  rec^rdinj;  skew  arches  is  Mr.  Buck's  treatise,  and  it 
would  be  impossible  to  consult  a  better?"— fM^nwr. 

"Mr.  Buck's  trcati.«e  is  reco^ised  as  a  standard  text-book,  and  his  treatment  has  dlvestad  tii* 
•abject  of  many  of  the  intricacies  supposed  to  belong  to  it.  As  a  guide  to  the  cnj^eer  and  arcM> 
tcct,  on  a  confessedly  diffictdt  subject,  Mr.  Buck  s  work  is  \iSscjp3Lised."Sit»ldin£  Aemt, 
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ij€t8t  and  Wrought  Iron  Bridge  Construction. 

A  COMPLETE  AND  PRACTICAL  TREATISE  ON  CAST 
AND  WROUGHT  IRCN  BRIDGE  CONSTRUCTION,  including  iron 
Foundations.  In  Three  Parts— Theoretical,  Practical,  and  Descriptive.  By 
William  Humber.  A.M. Inst.C.E.,  and  M.Inst  M.B.  Third  Edition,  Re- 
vised and  much  improved,  with  X15  Doable  Plates  (20  oi  which  now  first 
appear  in  this  edition),  and  numerous  Addidons  to  the  Text.  In  Two  V0U.1 
imp.  4to,  £6  16s.  6d.  half-bound  in  morocco. 

**  A  T«ry  valuable  contribution  to  the  fltandard  litentura  of  dvll  wigtn— Hny.  In  sddMon  to 
rtcvations,  plans  and  sections,  lar^^  scale  details  are  fpven  which  Terv  much  enhanfe  the  lastnic- 
tlve  worth  of  those  lllustralions."— Ci7^t/£«f  »»M'*ra«rf  Archittct't  yournmi. 

"Mr.  Homber's stately  volumes,  lately  issued— in  which  the  most  important  brktaH  erectad 
during  the  last  five  years,  under  the  direction  of  the  late  Mr.  Brunei.  Sir  W.  Cubitt,  Mr.  Hawk< 


■haw,  Mr.  Pft(;e,  Nir.  Fowler.  Mr.  Hemaiis.  and  othen  amooc  onv  moat  wninant  engfaieera,  ave 
dntwn and specued in  great  ^^UJL'—'EttgiHMr, 

Oblique  Arches, 

A  PRACTICAL  TREATISE  ON  THE  CONSTRUCTION  OP 
OBLiqUE  ARCHES.  By  John  Hart.  Third  Edition,  with  Plates.  Im- 
perial 8vo,  Ss.  cloth. 

Statics,  Graphic  and  Analytic. 

GRAPHIC  AND  ANALYTIC  STATICSJn  their  Practical  Appii' 
cation  to  thg  Treatment  of  Stresses  in  Roofs,  Solid  Girders,  Lattice,  Bowstring 
and  Suspension  Bridges^  Braced  Iron  Arches  and  Piers,  and  other  Frameworks, 
By  R.  HUDSON  Graham,  C.E.  Containing  Diagrams  and  Plates  to  Scsde. 
With  numerous  Examples,  many  taken  from  existing  Structures.  Specially 
arranged  for  Ciass-work  in  Colleges  and  Universities,  Second  Edition,  Re- 
vised and  Enlarged.    8vo,  i6s.  cloth. 

* '  Mr.  Graham's  book  will  &ad  a  place  wherever  graphic  and  analytic  statin  ate  used  or  studied." 
^'Engineer. 

"The  work  Is  excellent  from  a  practical  point  of  view,  and  haa  evidently  been  prapased  with 
■Mich  care.  The  directions  for  working  are  ample,  and  are  illustrated  by  an  abundance  of  wel^ 
selected  examples.    It  is  an  excellent  text-book  for  the  practical  dranghtsman."— ^lA«iMrMiM. 

€HrderSf  Strength  of. 

GRAPHIC  TABLE  FOR  FACILITATING  THE  COMPUTA- 
TION OF  THE  WEIGHTS  OF  WROUGHT  IRON  AND  STBBL 
GIRDERS,  etc.,  for  Parliamentary  and  other  Estimates.  By  J.  H.  Watson 
Buck,  M.Ixist.C.E.    On  a  Sheet,  ss.  6^. 

Strains,  Calculation  of. 

A  HANDY  BOOK  FOR  THE  CALCULATION  OP  STRAINS 
IN  GIRDERS  AND  SIMILARSTRUCTURES,  AND  THEIR  STRENGTH, 
Consisting  of  Formulae  and  Corresponding  Diagrams,  with  numerous  details 
for  Practical  Application.  &c.  Bv  William  Humbsr,  A-M.Inst.C.B.,  ftc« 
Fifth  Edition.    Crown  8vo,  nearly  100  Woodcnts  and  3  Plates,  7s.  M.  doth. 

"  The  formulae  are  neatly  expressed,  and  the  diagrams  good."— Athgtuntm. 
"  We  heartily  commend  this  really  handj/  book  to  our  engineer  and  aichltect  leideis.**— JTiy^ 
Jish  Mtchmnic 

Trusses. 

TRUSSES  OF  WOOD  AND  IRON.  Practical  Applications  oj 
Scitncein  Determining  the  Stresses,  Breaking  Weights,  Safe  Loads,  Scantlings, 
and  Details  of  Construction^  with  Complete  Working  Drawings.  By  William 
Griffiths,  Surveyor,  Assistant  Master,  Tranmere  School  ol  Science  and 
Art.    Oblong  8vo,  4s.  6d.  cloth. 

"  This  handy  little  book  enters  so  minutely  Into  every  detadl  connected  with  the  coeatnictloa  ol 
tfoof  trusses,  that  no  student  need  be  ignorant  of  these  matten."— /VwcMoe/  EmgiHter, 

Strains  in  Ironwork. 

THE  STRAINS  ON  STRUCTURES  OF  IRONWORK;  with 
Practical  Remarks  on  Iron  Construction.     By  F.  W.  ShbildSi  M.Inst.C.Bt 
Second  Edition,  with  5  Plates.    Royal  8vo,  5s.  cloth. 
"  riie  student  cannot  find  a  better  little  book  00  this  wia49eL'—BMrbmr, 
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Barlow'aStrengthofMateriaXSf  enlarged  byHutnber* 

A    TREATISE    ON  THE  STRENGTH  OP  MATERIALS: 

with  Rules  for  Application  in  Architecture,  the  Constmction  of  Saspenaion 
Bridf^es,  Railways,  &c.  By  Pbtsk  Barlow.  F.R.S.  A  New  Edition,  Revised 
by  his  Sons.  P.  W.  Barlow,  F.R.S.,  and  W.  H.  Barlow,  F.R.S. ;  to  which 
are  added,  Experiments  by  Hodgkinson,  Fairbairm,  and  Kirkaldt;  and 
Formulas  for  Calculating  Girders,  &c.  Arranged  and  Edited  by  Wm.HumbUi 
A-M.  Inst.C.E.  Demy  8vo,  400  pp.,  with  19  Urge  Plates  and  namerons  Wood- 
cuts, 185.  cloth. 

"  Valuable  alike  to  the  ttvdent  tyro,  and  the  aspeffleiioed  pnctMoner,  It  wtD  alviya  tank  in 
tatuf*.  as  it  has  hitherto  done,  as  the  standard  treatise  on  that  panicuUv  sat^ect."— ^Mjfi^MMr'. 
••  There  is  no  theater  authority  than  Barlow."— ^M»A/iif^  News. 

"  As  a  scientific  worlc  of  the  first  class,  it  de«erres  a  foremost  place  on  the  booksbelvas  off  erery 
chrO  caffineer  and  practical  iL'«chanic"— £'»^<<A  MecA*Hic 

Cast  Iron  and  other  MetaZs^  Strength  of. 

A  PRACTICAL  ESSAY  ON  THE  STRENGTH  OP  CAST 
IRON  AND  OTHER  METALS.  By  Thomas  Tredgold,  C.E.  Fifth 
Edition,  including  Hodgunson's  Experimental  Researches.    8vo,  its.  doth. 

J^ractical  Mathematics. 

MATHEMATICS  FOR  PRACTICAL  MEN:  Being  a  Common- 
place Book  of  Pure  and  Mixed  Mathematics.  Designed  chiefly  for  the  nsa 
of  Civil  Engineers,  Architects  and  Surveyors.  By  Olinthus  Grkgory, 
LL.D.,  F.R.A.S.,  Enlarged  by  Henry  Law,  C.£.  4th  Edition,  carefully 
Revised  bv  J.  R.  Youno,  formerly  Professor  of  Mathematicsi  Belfast  C<^ege« 
With  13  Plates.    8vo,  £1  is.  cloth. 

"  The  engineer  or  architect  will  here  find  ready  to  hb  hand  rales  for  sohing  nearly  ererymathe* 
■latlcal  dithculty  that  may  arise  in  his  practice.  The  ralvs  are  in  all  cases  explained  bf  aaeaas  of 
•zaxnples.  in  which  every  *tep  of  the  process  is  clearly  wurked  o\it."—£ uiUer. 

"  One  of  the  most  serviceable  hooks  for  practical  mechanics.  .  .  It  is  an  Instructfre  book  fo« 
the  student,  and  a  text-book  for  tiim  who,  having  once  mastered  the  subjects  it  treats  oC  needs 
occasionally  to  refresh  his  memory  upon  itknn,"—£MiUiM£  News. 

Railway  Working, 

SAFE  RAILWAY  WORKING.  A  Treatisi  on  Railway  Acci- 
dents: Their  C.iuae  .2nd  Prevention ;  with  a  Description  of  hSodem  Appliance* 
and  Systems.  By  Clement  E.  Stretton,  C.E.,  Vice-President  and  Con- 
sulting Engineer,  Amalgamated  Society  of  Railway  Servants.  WiUi  Illns- 
trations  and  Ccloured  Plates.  Third  Edition,  Enlarged.  Crown  8vo,  35.  6d 
cloth. 
"  A  book  for  the  ertf^neer.  the  directors,  the  managers ;  and.  In  short,  all  who  wfah  for  infonn^ 

tion  on  railway  matters  wiJ  &nd  a  perfect  encyclopaedia  in  '  Safe  Railway  Woridng.'  ""Jimi/wmy 

Review. 

"  We  commend  the  remarks  on  raQway  signalling  to  all  railway  managers,  especially  where  a 

uniform  code  and  practice  is  a'lvocated."— ///r</a/A'j  Raiiii'ay  y^yumml, 

"The  author  niay  be  confjratulated  on  having  collected, in  a  rery  convenient  form,  much 

valuable  information  on  tixe  pnacipal  questions  affecting  the  sa/e  working  of  railways."— JEai/. 

Meatf  Expansion  by. 

EXPANSION  OF  STRUCTURES  BY  HEAT.  By  John 
Kbily,  C.E.,  late  of  the  Indian  Public  Works  and  Victorian  Railway  Depart 
mentSt    Crown  6vo,  ^.  €)d.  cloth. 


Summary  of  Contents. 
Section     I.  Formulas  and  Data, 
Section  II.  Metal  Bars. 
Section  III.  Simple  Frames. 
Section  IV.  Complex    Frames    and 

Plates. 
Section   V.  Thermal  Conductivity. 


Section    VI.  Mechanical  Force  op 

Heat. 
Section  VII.  Work    op    EzpARSioif 

AND  Contraction. 
Section  VIII.  Suspension  Bridges. 
Section     IX.  Masonry  Structures. 


'  The  abn  the  author  has  set  before  him,  via.,  to  show  the  effects  of  heat  upon  netaOic  and 
other  structures,  is  a  laudable  cne,  for  this  is  a  branch  of  physics  upon  which  the  engmeev  or  ardi  • 
tect  can  find  but  Utile  reliable  and  comprehensive  data  in  hook&."— Builder. 

"  Whoever  is  concerned  to  know  the  effect  of  changes  of  temperature  on  tach  structiues  as 
suspension  bridges  and  the  like,  could  not  do  better  than  consuh  Mr.  Keilyt  vafaiatile  aad  hantfy 
exposition  of  the  geometrical  principles  involTod  in  these  changes."— >Sa«£r)wais. 

Field  Fortification. 

A  TREATISE  ON  FIELD  FORTIFICATION,  THE  ATTACK 
OF  FORTRESSES,  MILITARY  MINING,  AND  RECONNOITRING.  By 
Colonel  I.  S.  Macaulay,  late  Professor  of  Fortification  in  the  R.MA.1  Wool- 
wich, Sixth  Edition.  Crown  8vo,  with  separate  Atlas  of  la  Plates,  las.elotb. 
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i4R.  NUMBER'S  GREAT  WORK  ON  MODERN  ENQINEERINQ. 

Complete  in  Four  Volumes,  imperial  4to,  price  (it  xss.,  ha]}*morocco.    Baeb 

Volume  sold  separately  as  follows  :— 

A  RECORD  OP  THE  PROGRESS  OP  MODERN  ENGINEER- 
ING.  First  Series.  Comprising  Civil,  Mechanical,  Marine,  HydrauliCi 
Railway,  Bridge,  and  other  Engineering  Works,  &c.  By  William  HuMBCRt 
A-M.Inst.C.E.,  &c.  Imp.  4to,  with  36  Double  Plates,  drawn  to  a  large  scale, 
Photo^aphic  Portrait  of  John  Hawksbaw,  C.E.,  F.R.S.,  &c.,  and  copioat 
descriptive  Letterpress,  SpecilicatioDS,  Sec,  £3  35.  hali-morocco* 

List  0/  the  Plates  and  Diagrams, 

Thame*,  West  London  Extension  RaBwav  If 

flates);   Annoar  Plates:   Suspension   Bridget 
hames  (4  plates^   Tl^e  Alien  Enirine;  Sua* 
pension  Briatfe,  Avon  (3  {Jate&j ;  Uodeqpnoimd 


Rattway  (3  pUtM). 


VIctoita  Station  and  Roof,  L.  B.  &  S.  C.  R. 
II  plates) ;  Southport  Her  (a  plates) ;  Victoria 
Station  and  Roof,  L.  C.  &  D.  and  G.  W.  R.  « 
plates):  Roof  of  Cremome  Music  Hall ;  Bridj^^e 
over  G.  N.  Railway ;  Roof  of  Station,  Dutch 
Rhenlih    Rail   (a  plates);    Bridge    over    the 

"  Handsomely  lithosrraphed  and  printed.    It  will  find  ferour  with  many  who  desire  to  . 
Ib  a  permanent  form  copies  of  the  plans  and  specifications  prepared  for  ihc  guidance  ol  the  cod* 
CractoffS  for  many  important  engineering  woxki,  —£H£iH€€r, 

HUMBERTS  PROGRESS  OP  MODERN  ENGINEERING. 
Second  Series.  Imp.  4to,  with  36  Double  Plates,  Photographic  Portrait  of 
Robert  Stephenson,  C.E.,  M.P.,  F.R.S.,  &c.,  and  copious  desciiptive  Letter* 
press,  Specifications,  Ac,  £3  3s.  half-morocco. 

List  0/  the  Plates  and  Diagratns, 

Birkenhead  X>oc1es,  Low  Water  Basin  (15 

Slates);  Charing    Cross   Station   Roof.  C.  C. 
Lallway  (3  plates) ;   Digswell  Viaduct.  Great 
Northern  Railway :  Robbery  Wood  Viaduct, 


Great   Northern    Railway;    Iron    Permanent 
Way;  Clydach  Viaduct,  Merthyr,   Tredegar, 


and  Al)ernTenny  RaCway;  Ebbw  Vlednct, 
Merthjrr,  Tredegar,  and  Abergavenny  Ral^ 
way;  CoUe^^e  Wood  Viaduct,  Cornwall  Rail- 
way ;  Dubhn  Winter  Palace  Roof  (3  plates) ; 
Bridge  over  the  Thames,  L.  C.  &  D.  Raflway 
(6  plates);  Alt>crt  Harbour,  Greenock Upl>tes>. 
Mr.  Humber  has  done  the  profession  good  and  true  service,  by  the  fine  coUectionof  examples 
he  has  here  brought  before  the  profession  and  the  pu\3hc''—Pructuai  Muhanu's  JourmU, 

HUMBERTS  PROGRESS  OP  MODERN  ENGINEERING. 
Third  Series.  Imp.  4to,  with  40  Double  Plates,  Photocp-aphic  Portrait  of 
J.  R.  M'Clean,  late  Pres.  Inst.  C.E.,  and  copious  descriptive  LetterpretSy 
Specifications,  Ac,  £3  3s.  half-morocco. 

List  of  the  Plates  and  Diagrams, 

MAIN  DitAINAGB,  METROPOLIS.— A^'^rfA 
5Mr.— Map  showing  Interception  of  Sewers ; 
Middle  Level  Sewer  (a  plates) ;  Outfall  Sewer, 
Bridge  over  River  Lea(.i  plates) ;  Outfall  Sewet, 
Bridge  over  Marsh  Lane.  North  Woolwich 
Railway,  and  Bow  and  Barking  Railway  Junc- 
tion;  Outfall  Sewer,   Bridge  over    Bow   and 


Sewer,  Reservoir  and  Outlet  (4  plates) ;  Oatlhll 
Sewer.  Filth  Hoist ;  Sections  m  Sewets  (Moctb 
and  South  Sides). 

THAMES  EMBANKMBirr.->Sectlon  of  Rives 
Wall  \  Steamboat  Pier.  Westminster  (a  plates): 
Landing  Stairs  betA-een  Charing  Cross  ana 
Waterloo  Bridges;  York  Gate  (a  plates);  Over* 
flow  and  Outlet  at  Savoy  Street  Sewer  (3  plates) } 


Steamboat  Pier.  Waterloo  Bridge  (3  plates) 
Junction  of  Sewers,  Plans  and  Sectioas 
Gullies,  Plans  and  Sections}  Rolling  Stodc 
Granite  and  Iron  Foita. 


Barking  Railway  (3  plates);  Outfall  Sewer, 
Bridge  over  Hast  London  Waterworks'  Feeder 
(9  plates) ;  Outfall  Sewer,  Reservoir  (a  plates) ; 
Outfall  bewer.  Tumbling  Bay  and  Outlet ;  Out* 
fall  Sewer,  Penstocks.  Soh/M  5i</^.— Outfall 
Sewer,  Bermondsey  Branch  (a  plates);  Outfdl 

**  The  drawings  have  a  constantly  increasing  value,  and  whoetei  desires  to  poseew  dear  rep«» 
•entations  of  the  two  great  worlcs  carried  out  of  oui  Metropolitan  Board  will  obtain  Mr.  Uumber's 
ircbimc.'—En£iHt*r, 

HUMBERTS     PROGRESS    OP     MODERN     ENGINEERING. 
Fourth  Series.    Imp.  4to,  with  36  Double  Plates,  Photographic  Portrait  of 
John  Fowler,  late  Pres.  Inst.  C.E.,  and  oopioaa  descriptive  Letterpress 
Specifications,  8cc„  £3  35.  half-morocco. 

List  of  the  Plates  and  Diagramt, 

Abbey  MDs  Puapinr  Station.  Main  Drain* 
■fCb  Metropolis  (4  plates) ;  Barrow  Docks  {< 
plates);  Manquis  viaduct,  Santiago  and  Val* 
paraiso  Railway  (a plates);  Adam's  Locomo- 


tive,  St.    Helen's   Canal_  Railway   (aplajes); 

rini 


Iron  Cylinder  for  Diving  Bell ;  Millwall  Docks 
(6 plates);  Milroy's  Patent  Excavator;  Metro* 
politan  District  Railway  (6  plates);  Harbousib 
rocts,  and  Bnakwatera  (3  piatea). 


Caimon  Street  Station  Roof,  Charing  Cross 
Railway  (3  plates) ;  Road  Bridge  over  the  River 
Moka  (9  plates);  Telegraphic  Apparatus  for 

"We  gladly  welcome  another  years  issue  of  this  valuable  pat>llcatSoa  from  the  able  pen  of 
Mr.  Humt>er.  The  accuracy  and  general  excellence  of  this  work  are  well  known,  while  Its  usefti  1 
Bess  in  giving  the  measurements  and  details  of  some  of  the  latest  examples  of  engincerhv,  as 
canied  out  by  the  most  eminent  men  hi  the  proftsafcwi,  anwt  be  too  highly  priaed.'—^rMrais. 


f6  CROSBY  LOCK  WOOD  S-  SON'S  CATALOGUE. 

THE  POPULAR  WORKS  OF  MICHAEL  REYNOLDS 
("Thb  Enoikc  Drivbr'8  Fusmo"). 

ZgoeotnoHve'Engine  Driving. 

LOCOMOTIVE-ENGINE  DRIVING:  A  Practical  Manual  /or 
Bnginetrsin  charge  of  Locomotive  Eneines.  By  Michael  Reynolds,  Monbef 
ot  the  Societyoi  Engineers,  formerly  Locomotive  Inspector  L.  B.and  S.C.  R. 
Ninth  Edition.  Including  a  Ksv  to  the  Locomotive  Enoihx.  With  lUns- 
trations  and  Portrait  ot  Aatbor.  Crown  8vo.  45.  6d.  clotn. 
**  Mr.  Reynolds  has  supplied  a  want,  and  has  supplied  it  weQ.  We  can  coofidentljr  recauuumad 

Uke  booJc,  not  only  to  the  practical  driver,  but  to  •voryons  who  take*  aa  iaterMt  in  tbe  yifuiiiMncc 

of  loconootive  enjjines."— 7"**  Engineer. 

"  Mr.  Reynolds  has  opened  a  new  chapter  In  the  literxrare  of  the  day.    Of  thA  uractiral  utility 

•of  this  admirable  treatise.  «•  hava  to  speak  in  terms  of  wans  commendation. "—  AtJUnttunu 
'  Evidently  th«  work  ot  on«  who  knows  lus  subject  thorooiftUy.''—  Kmilwmy  Sermee 


"  Were  the  cautions  ami  rules  riven  in  the  book  to  become  part  of  the  eTery-<lay  woridac  of 


•Dffino-dfiTvnt  w«  mi^ht  havo  lower  distressing;  accidents  to  doploro."' 

Stationary  Engine  IhHving. 

STATIONARY  ENGINE  DRIVING  :  A  Practical  Manual  for 
Enfineers  in  charge  of  Stationary  Engimi.     By  Michael  Reynolds.     Fifth 
Edition.  Enlargea.    With  Plates  and  Woodcuts.    Crown  8vo,  4s.  6d.  cloth. 
**The  author  is  thoroughly  acquainted  with  his  subjects,  and  his  advice  00  the  Tarioas  points 

inated  is  dear  and  pracUcaL    ...    He  has  produced  a  manual  wfaidi  Is  an  oil  wiiliimlf  vaofel 

tMM  for  the  class  for  whom  it  is  specially  intended." — hn^in^rinf. 

"Our  author  leaves  no  stone  unturned.    He  is  determined  that  his  readers  shaB  not  only  know 

■omething  about  the  stationary  engine,  but  all  about  it."— Enx^nter. 

"An  engineman  who  has  mastered  the  contents  of  Mr.Re)'Tiolds'sbook  win  require  but  Bttle  actus 

•aperiaDce  with  boUers  and  engines  before  he  can  be  trusted  to  look  after  them." — Eng^tisk  Iftrkamtr 

The  Engineer^  Firemanf  and  Engine-Boy. 

THE  MODEL  LOCOMOTIVE  ENGINEER,  FIREMAN,  and 

ENGINE-BOY.    Comprising  a  Historical  Notice  of  tbe  Pioneer  Locomotive 

Engines  and  their  Inventors.   By  Michael  Reynolds.  Second  Edition,  with 

Revised  Appendix.      With  numerous  Illustrations  and  Portrait  of  Greorfce 

Stephenson.     Crown  8vo,  as.  6d.  cloth.  [Jms/  published, 

"  From  the  technical  knowledge  of  the  author  it  will  appeal  to  the  railway  man  of  to-day  aaoro 

forcibly  than  anything  written  by  ur.  Smiles.    .    .    .    The  volume  contains  information  of  a  tedl* 

vical  kmd,  and  tacts  that  every  driver  should  be  fiunlliar  with."— Emg-iisk  MechmMic. 

"  We  should  be  glad  to  see  this  t>ook  in  the  possession  of  everyone  in  tbe  klngtlom  who  baa 
ever  laid,  or  is  to  lay,  bands  on  a  locomotive  engine."— /nm. 

Continuous  Hailway  Brakes ^ 

CONTINUOUS  RAILWAY  BRAKES:  A  Practical  Tr$aHu  on 
the  several  Systems  in  Use  in  the  United  Kingdom;  their  Construction  and 
Performance.  With  copious  Illustrations  and  numerous  Tables.  ByMiCBAKL 
Reynolds.    Large  crown  8vo,  95.  cloth. 
"  A  popular  explanation  of  the  different  brakes.  It  wtn  be  of  great  assistance  In  formtnff  pobHc 

•opinion,  and  will  be  Studied  with  benefit  by  those  who  take  an  mterest  in  the  haiut."'-^mgUsM 

Mechanic. 

"  Written  with  sufficient  technical  detail  to  enable  the  principle  and  relative  connection  of  tkm 

-various  parts  of  each  particular  brake  to  be  readily  grasped."— A/«cAanMa/  lV»rkU 

Engine-JOriving  lAfe. 

ENGINE-DRIVING  LIFE :  Stirring  Adventures  and  IncidenU 
in  the  Lives  of  Locomotive-Engine  Drivers.  By  Michael  Reynolds.  Third 
and  Cheaper  Edition.    Crown  8vo,  xs.  6d.  cloth.  [Just  published. 

"  From  first  to  last  perfectly  ikscinating.    Wilkie  Ct^ns's  most  thrilling  conceptions  aie  thrown 


<nto  the  shade  by  true  incidents,  endless  in  their  variety,  related  in  every  page."— AVrcA  BfUisMMmil. 

"  Anyone  who  wishes  to  get  a  real  insight  into  rallvray  life  cannot  do  better  than  read  *  Em 
Driving  Life'  for  himself ;  and  if  he  once  take  it  up  he  will  find  that  the  author's  enthusiasm  an  J 


"  Anyone  who  wishes  to  get  a  real  insight  into  railvray  life  cannot  do  better  than  read 
ving  Life'  for  himself ;  and  if  he  once  take  it  up  he  will  find  that  the  author's 
love  of  the  engine-driving  profession  wiU  carry  him  on  till  he  has  read  every  page." 

Pocket  Companion  for  Enginetnen. 

THE  ENGINEMAN'S  POCKET  COMPANION  AND  PRAC- 
TICAL  EDUCATOR  FOR  ENGINEMEN,  BOILER  ATTENDANTS, 
AND  MECHANICS.  By  Michael  Reynolds.  With  Forty-five  Illostra- 
tions  and  numerous  Diagrams.  Third  Edition,  Revised.  Royal  x8mo,  34. 6<l., 
strongly  bound  for  pocket  wear. 

This  .-ulmirable  work  Is  well  suited  to  accomplish  Its  object,  being  the  honest  workaaBSlilp  ot 
competent  engineer." — Giasgyw  Htratd, 

* '  A  most  meritorious  work,  giving  in  a  succinct  and  practical  form  all  the  Informatlen  an  enclne> 
snlnd^  desirous  of  mastering  the  scientific  principles  of  his  daily  calling  would  require. "—TJk* 

*'  A  boon  to  those  who  are  striving  to  become  efficient  mechanics."— />«£>  ChrtmUU, 
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MARINE  ENQINEERINQ,  SHIPBUILDINQ, 

NAVIGATION,  etc. 

Pocket'Book  for  Naval  Architects  and  Shipbuilders^ 

THE  NAVAL  ARCHITECT'S  AND  SHIPBUILDER'S 
POCKET-BOOK  of  Formula,Ruln,and  Table5,and  MARINE  ENGINEER'S 
AND  SURVEYOR'S  Handy  Book  0/  Reference.  By  Clement  Mackrow. 
Member  of  the  Institution  of  Naval  Architects,  Naval  Draughtsman.  Fiftli 
Edition,  Revised  and  Enlarged  to  700  pages,  with  upwards  of  300  Illustra* 
tioos.    Fcap.,  I2S.  6d.  8trongl>  bound  in  leather. 

Summary  of  Contents. 


Signs  and  Symbols,  Decimal  Frag* 
liONs. —  Trigonometry.  —  Practical 
Geometry.  —  Mensuration.  —  Cen- 
tres and  Moments  of  Figures. — 
Moments  of  Inertia  and  Kadii  of 
Gyration.  —  Algebraical  Expres- 
sions FOR  Simpson's  Rules.— Me- 
chanical Principles. —  Centre  of 
Gravity. — Laws  of  Motion.— Dis- 
placement, Centre  of  Buoyancy. — 
Centre  of  Gravity  of  Ship's  Hull. 
—Stability  Curves  and  Metacen- 
TRES. — Sea  and  Shallow-water 
Waves.— Rolling  of  Ships.— Pro- 
pulsion and  Resistance  of  Vessels. 
— Speed  Trials. — Sailing,  Centre 
OF  Effort.— Distances  down  Rivers, 
Coast  Lines.— Steering  and  Rud- 
ders OF  Vessels.— Launching  Cal- 
culations AND  Velocities. — Weight 
OF  Material  and  Gear.— Gun  Par- 
ticulars AND  Weight.— Standard 
Gauges. — Riveted  Joints  and  Rivet- 
ing.—Strength  AND  Tests  of  Mate- 
rials. —  Binding  and  Shearing 
Stresses, etc.— Strength  of  Shaft- 
ing, Pillars,  Wheels,  etc.  —  Hy- 
draulic Data,  etc.— Conic  Sections, 
Catenarian  Curves.— Mechanical 
Powers,  Work. —  Board  of  Trade 
Regulations  for  Boilers  and  En- 
gines.—  Board  of  Trade   Regula- 


FOR  Boilers.— Lloyd's  Weight  of 
Chains.— Lloyd  s  Scantlings  for 
Ships.— Data  of  Engines  and  Ves- 
sels. -  Ships*  Fittings,  and  Tests.— 
Seasoning  Preserving  Timber.— 
Measurement  of  Timber.— Alloys, 
Paints,  Varnishes.  —  Data  fob 
Stowage.  —  Admiralty  Transport 
Regulations.  —  Rules  for  Horse- 
power, Screw  Propellers,  etc.— 
Percentages  for  Butt  Straps,  etc. 
— Particulars  of  Yachts.— Masting 
and  Rigging  Vessels. — Distances 
OF  Foreign  Ports.  —  Tonnage 
Tables.  —  Vocabulary  of  French 
AND  English  Terms.  —  English 
Weights  and  Measures —Foreign 
Weights  and  Measures.— Decimal 
Equivalents.  —  Foreign  Money.— 
Discount  and  Wage  Tables.— Use- 
ful Numbers  and  Ready  Reckoners 
— Tables  of  Circular  Measures.— 
Tables  of  Areas  of  and  Circum- 
ferences OF  Circles. — Tables  Of 
Areas  of  Segments  of  Circles.— 
Tables  of  Squares  and  Cubes  akd 
Roots  of  Numbers.  —  Tables  of 
Logarithms  of  Numbers.— Tables 
ofHvperbolicLogarithms. — Tables 
OF  Natural  Sines,  Tangents,  etc.- 
Tables  of  Logarithmic  Sines, 
Tangents,  etc. 


TioNS  FOR    Ships.— Lloyd's    Rules 

"  In  these  days  of  advanced  knowlctl.i;r  a  work  like  this  ts  of  the  greatest  value.  It  contains  a 
vast  amount  of  information.  We  unhesitatin^fly  &.iy  that  it  is  the  most  valuable  compilation  fur  Hsi 
specific  purpose  that  has  ever  been  printed.  No  naval  architect,  engfineer,  surveyor,  or  seaman, 
wood  or  iron  shipbuilder,  cm  afford  to  be  without  this  work."— A'aw/ifaV  A/agatint. 

"Should  be  used  by  all  who  are  ensra^ed  in  the  construction  or  desig^ns  of  vessels.  .  .  .  WUl 
t>e  foimd  to  contain  the  most  useful  tables  and  formulae  required  by  shipbuilders  carefully  collected 
from  the  best  authorities,  and  put  together  in  a  popular  and  simple  form." — Enginetr. 

"  The  profe^ional  shipbuilder  has  now,  m  a  convenient  and  accessible  form,  reliable  data  fot 
totvini^many  of  the  numerous  problems  that  present  theniselves  in  the  course  of  his  work."— /rp;i. 

"There  is  no  douut  that  a  pocket-book  of  this  description  must  tw  a  necessity  in  the  ship- 
buMdtng  trada  .  .  .  The  volume  contains  a  mass  of  useful  infoniiation  clearly  expressed  and 
presented  in  a  handy  form." — Marine  Engiruer. 

Marine  Engineering, 

MARINE  ENGINES  AND  STEAM  VESSELS  (A  Treatise 

on).    By  Robert  Murray,  CE.    Eighth  Edition,  thoroughly  Revised,  with 

considerable  Additions  by  the  Author  and  by  George  Carlisle,  C.E., 
Senior  Surveyor  to  the  Board  of  Trade  at  Liverpool.  lamo.  55.  cloth  boards. 

"  Well  adapted  to  give  the  young  steamship  engineer  or  marme  engine  and  boLet  maker  a 
general  Introduction  into  his  practical  work."— jl/«(Aanwa^  Jl'orid. 

"  We  feel  sure  that  this  thoroughly  revised  edition  will  continue  to  be  as  popular  in  the  ftititre 
at  It  has  t)een  in  the  past,  as,  for  its  siae,  it  contains  loore  useful  information  than  ny  similar 
tna!l3a0."'-lHduttries. 

"  As  a  compendious  and  usefu*  guide  to  eng*n^er<  nf  our  mercantile  and  royal  na>al  services, 
we  should  say  it  cannot  l>e  surpassed."— /i'«i/rfi«A»'  A'ra'j. 

"  The  information  given  is  t>oth  sound  and  sensible,  and  well  qualified  to  direct  yoang  sea- 
going hajids  on  the  straight  road  to  the  extra  chiei  's  certificate.  .  .  .  Most  usoful  to  survcyon, 
■Hpectort,  draughtsmen,  and  ycung  engineers."— C /a x^t^  Herald. 

C 


i8  CROSBY  LOCK  WOOD  S'  SON'S  CATALOGUE. 

English-French  Dictionary  of  Sea  Termsm 

TECHNICAL  DICTIONARY  OF  SEA  TERMS,  PHRASES 
A\D  WORDS  USED  IN  THE  ENGLISH  &  FRENCH  LANGUAGES. 
(English-French.  French-English).     For  the  Use  of  Seamen,   Eogineen, 
l*ilMs,  Ship-builders,    Ship-owners  and   Ship-brokers.      Compiled   by  \V 
Pii«!tiE.  Uie  of  the  African  Steamship  Company.    Fcap.  8vo,  55.  cloth  limp 

IJust  published 

Pocket-Book  for  Marine  Engineers. 

A  POCKET-BOOK  OP  USEFUL  TABLES  AND  FOR- 
UULjE  for  marine  engineers.  By  Frawk  Psoctok,  A.I.NJL 
Third  Edition.    Royal  s^roo,  leather,  gilt  edges,  with  strap,  4s. 

"  Wc  recommend  it  to  our  readers  as  going  fzr  to  supptv  a  lon^-felt  wanL"— Aima/SrtfuMk 
"A  most  useful  companioa  to  all  marine  cineineeg*.' '—  l/nittd Sirvict  Umattk, 

Introduction  to  Marine  Engineering. 

ELEMENTARY  ENGINEERING :  A  Manual  for  Young  MaHm 
Rnf^inecrt  and  Apprentices,  In  the  Form  of  Questions  and  Answers  on 
Metals.  Alloys,  Strength  of  Materials,  Construction  and  Management  'of 
Marino  Engines  and  Boilers,  Geometry,  &c.  dec.  With  an  Appendix  of  Useful 
Tables.  By  John  Sherrbn  Brewer,  Government  Marine  Surveyor,  Uoiik« 
kong.  Second  Edition,  Revised.  Small  crown  8vo,  as.  cloth. 
"  Contains  much  raluable  Iniormation  for  the  class  for  whom  it  b  Intendad,  wi>»claWy  in  the 

■chapters  on  the  mana(|^«ment  of  boUers  and  enc^nes."— A'aM/iVj/  Majprntimg, 
**  A  u  icful  introduction  to  the  more  elaborate  text-books."— 5<»//'Kaic. 
"  To  a  student  who  has  the  requisite  desire  and  resolre  to  attain  a  thoroofh  kaowltdgvi,  Mr, 

.•rcwer  offers  decidedly  oseAil  bitip."~-AtMtn^um, 

Jfavigation. 

PRACTICAL  NAVIGATION.  Consisting  of  Thb  Sailor's 
Sba-Book,  by  Jambs  Grbbnwood  and  W.  H.  Rosser-:  together  with  the 
requisite  Mathematical  and  Nautical  Tables  for  the  Working  of  the  Problems, 
by  Hrnry  Law,  C.B.,  and  Professor  J.  R.  You  no.  Illustrated*  zimo,  ys. 
strongly  half-bound. 

^Sailmaking, 

THE  ART  AND  SCIENCE  OF  SAILMAKING.  By  Samuel 
B.  Sadler,  Practical  Sailmaker,  late  in  the  employment  of  Messrs.  Ratsey 
and  Lapthorne,  of  Cowes  and  Gosport.  With  Plates  and  other  Illustrations. 
Small  4to,  i2s.  6d.  cloth. 

Summary  of  Contents. 
Chap,  I.  The  Materials  uskd  and  .  —VI.  On  Allowances.— VII.  Calcu- 
thbir  Relation  to  Sails.— II.  On  ;  lation  of  Gores.— VIIL  On  Cutting 
the  Centre  of  Effort.— III.  On  i  Out.— IX.  On  Roping.- X.  On  Dia- 
Measurino.— IV.  On  Drawing.— V.  gonal-Cut  Sails. — XI.  Concluding 
On  the  NuMBEROF  Cloths  required,  i    Remarks. 

••  This 
tlons.     The 
cannot  fail  t<  ,       ^ 

"  This  extremely  practical  work  gives  a  complete  education  in  all  the  branches  of  the  mAna- 
acture  cuttinf;  out,  roping,  seaming,  and  goring.    It  is  copiously  illustrated,  and  wiU  form  a  &r»t* 
r*te  terthook  and  nuide.—Porfsmau/h  Times. 

"  The  author  of  this  work  has  rendered  a  distinct  8en4ce  to  all  interested  In  the  art  of  sail- 
making.  The  subject  of  which  he  treats  is  a  congenial  one.  Mr.  Sailer  is  a  practical  sailmaker. 
and  his  deroted  years  of  careful  observation  and  study  to  tlie  subject :  and  th«  re&ults  c»f  the 
-xpericnce  thus  gained  he  lias  set  forth  in  the  volume  before  ui."SUafns/tif. 

Chain  Cables* 

CHAIN  CABLES  AND  CHAINS,  Comprising  Sizes  and 
Curves  of  Links,  Studs,  &c.,  Iron  for  Cables  and  Chains,  Chain  Cable  and 
Chain  Making,  Forming  and  Welding  Links,  Strength  of  Cables  and  Chains, 
Certificates  for  Cables,  Marking  Cables.  Prices  of  Chain  Cables  and  Chains, 
Historical  Notes,  Acts  of  Parliament,  Statutory  Tests,  Charges  for  Testing, 
List  of  Manufacturers  of  Cables,  &c.  &c.  Bv  Thomas  W.  Traill,  F.B.R.N., 
M.Inst. C.E.,  Engineer  Surveyor  in  Chief,  Board  of  Trade,  Inspector  of 
Chain  Cable  and  Anchor  Proving  Establishments,  and  General  Superin- 
tendent, Lloyd's  Committee  on  Proving  Establishments.  With  namerons 
Tables,  Illustrations  and  Lithographic  Drawings.  Folio,  £2  M.  cloth. 
"  It  contains  a  ratt  amount  of  valuable  hifonnatloa.  Nothloff  weinf  to  t>e  vaiillBKtO  BUkr^it 
a  complete  and  standard  work  of  rofere&ce  on  the  subject."— A'cadta/  Afoftulm, 


MINING  AND  METALLURGY.  IQ 


MINING  AND  METALLUBQY, 

Mining  Machinery. 

MACHINERY  FOR  METALLIFEROUS  MINES:  A  Practical 

Treatise  for  MiniDe  Engineers.  Metallurgists,  and  Managers  oi  Mines.    By 

E.  Hbnry  Davibs.  M.E.,  F.G.S.  Crown  8vo,  580  pp.,  with  upwards  of  300 
Illustrations,  125.  6d.  cloth.  [just  published. 

••  Mr.  Davies,  la  this  handsoma  volume,  has  done  the  advanced  student  ana  the  manatrer  of 
«*ninet  good  senice.  Almost  every  kind  of  machinery  in  actual  u&e  is  carefully  described,  and  the 
'WOodcuts  and  plates  are  good." — Atkenttutn. 

"  From  cover  to  cover  the  work  exhibits  all  the  same  characteristics  which  excite  the  confi- 
dence and  attract  the  attention  of  the  student  as  he  peruses  the  hrst  pas^e.  The  work  niay  safely 
•be  recommended.  By  its  publication  the  literature  connected  with  the  industry  will  be  enrichea, 
and  the  reputation  of  its  author  enhanced."— .fft/t^N^  yaurnal. 

"  Mr.  uarics  has  endeavoured  to  briiig  before  his  readers  th?  best  of  evevythlng  in  modem 
mining  appliances.  Hij  wi»rk  carries  Internal  evidence  of  the  authors  impartiality,  and  this  con- 
stitutes o  je  of  the  great  merits  of  the  book.  Throughout  his  work  the  criticisms  are  based  on  his 
own  or  other  reliable  experience."  —Iron  and  Steel  Trades'  yournal. 

"  Ttae  work  deab  with  nearly  every  class  of  m;4chinery  or  apparatus  likely  to  be  met  with  or 
required  in  connection  with  metalliferous  mining,  and  is  one  which  we  have  every  con^dence  in 
recommen  ding.  "—Practical  b  *t,iiKetr, 

MetaUiferoua  Minerals  and  Mining. 

A  TREATISE  ON  METALLIFEROUS  MINERALS  AND 
illNlNO,  By  D.  C.  Davies,  F.G.S.,  Mining  Engineer,  Sec,  Author  of  "A 
Treatise  on  Slate  and  Slate  Quarrying."  Fifth  Edition,  thoroughly  Revised 
and  much  Enlarged,  by  his  Son,  E.  Henry  Davies,  M.E.,  F.G.S.  With  about 
150  Illustrations.  Crown  8vo,  x».  6d.  cloth. 
"Neither  the  practical  miner  nor  the  general  reader  interested  In  mines  can  have  a  b«tterbook 

for  his  companion  and  his  guide." — Mininfr  ycumal.  iilining  iVortd* 

"  We  are  doing  our  readers  a  service  m  caihng  their  attention  to  this  valiuble  work." 
"  A  book  tliat  will  jot  only  be  useful  to  the  geologist,  the  practical  miner,  and  the  metallurgist 

but  alio  very  interesting  to  the  general  puHic."— /rtfy«. 

"  As  a  history  of  the  present  state  of  mining  throughout  Um  world  this  book  has  a  real  ralue 

and  It  supplies  an  actual  want."— ^XA^M^Mm, 

Earthy  Minerals  and  Mining. 

A  TREATISE  ON  EARTHY  &*  OTHER  MINERALS  AND 
MINING.     By  D.  C  Davies,  F.G.S.,  Author  of  "  Metalliferous  Minerals,' 
dec.    Third  Edition,  revised  and  Enlarged,  by  his  Son,  £.  Henry  Davies, 
M.E.,  F.G.S.    With  about  100  Illustrations.    Croivo  8vo,  12s.  6d.  cloth. 
"We  do  not  remember  to  liave  met  with  any  English  work  on  mining  mattats  thntcontalnf 

ttie  same  amount  of  information  packed  in  equally  convenient  (ona."— Academy. 

"  We  should  be  inclined  to  rank  it  as  among  the  very  best  of  the  handy  tir**"!*"^'  and  tradM 

laniials  which  have  recently  appeared."— ^ri/uA  QuarUrly  RetHtw. 

MeteUliferotis  Mining  in  the  United  Kingdom. 

BRITISH  MINING  :  A  Treatise  on  the  History,  Discovery,  Practical 
Development,  and  Future  Prospects  of  Metalliferous  Mines  in  the  United  King* 
dom.  By  Robert  Hunt,  F.R.S.,  Editor  of  ••  Ure's  Dictionary  of  Arts, 
Manufactures,  and  Mines,"  &c.  Upwards  of  950  pp.,  with  230  Illustrations. 
Second  Edition,  Revised.    Super-royal  8vo,  £2  as.  cloth. 

"One  of  the  most  valuable  works  of  reference  et  modem  times.   Mr.  Hunt,  as  Keeper  of  Mining 
Records  of  the  United  Kingxlom,  has  had  opportunities  for  such  a  task  not  enjoyed  by  anyone  else 
and  has  evidently  made  the  most  ot  them.    .    .    .    The  language  and  style  adopted  are  good,  and 
the  treatment  of  the  various  subjects  laborious,  conscientious,  and  scientific." — EnginetrtHg: 

"The  book  Is,  in  fact,  a  treasure-house  of  statistical  information  on  mininr  subjects,  and  we 
know  oi  no  other  work  embodjdn^  so  great  a  mass  of  matter  of  this  kind.    Were  this  the  only 
merit  of  Mr.  Hunt  s  volume,  it  would  be   sufficient  to  render  it  indisp'^nsable  in  the  library  oil 
everyone  interested  in  the  develop  meat  of  the  mining  and  metallurgical  industries  of  this  country. 
—Athenffufn. 

"  A  mass  of  Information  not  elsewhere  available,  and  of  the  greatest  value  to  those  who  saaf 
be  Interested  in  our  great  mineral  industries."— £n^>f/«r. 

Underground  Bumping  Machinery. 

MINE  DRAINAGE.  Being  a  Complete  and  Practical  Treatise 
on  Direct-Acting  Underground  Steam  Pumping  Machinery,  with  a  Descrip- 
tion of  a  large  number  ofthe  best  known  Engines,  their  General  Utility  and 
the  Special  Sphere  of  their  Action,  the  Mode  of  their  Application,  and 
their  merits  compared  with  other  forma  of  Pumping  Machinery.  By  Stbpuin 
MiCHELL.  8vo,  15s.  cloth. 
"Will  be  highly  esteemed  by  colliery  owners  and  lessees*  mining  engineers,  and  students 

generally  who  require  to  be  acquainted  with  the  best  means  of  securing  the  mrainage  of  mine*.    It 

is  a  most  valuable  work,  and  stands  almost  alone  in  the  literature  of  steam  pumping  machlnerv.— 

CMicryGftmrdian. 

"Much  valuable  Information  Is  glvetx,  so  that  the  book  b  thoroughly  worthy  of  an  extensive 

drcalation  amongst  practical  men  and  purchaaen  of  machinery."— JffiM<«U'  T^urnml, 
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Prospecting  for  Gold  and  other  MeUUs, 

THE  PROSPECTOR'S  HANDBOOK:  A  Guide  for  the  Pro- 
spector and  Traveller  in  Search  of  Metal-Bearing  or  other  Valuable  MineralAi 
By  J.  W.  Andbrson,  M.A.  (Camb.).  F.R.G.S..  Author  of  "Fiji  and  New 
Caleidonia."  Sixth  Edition,  thoroufihly  Revised  and  much  Enlareed.  Small 
crown  bvo,  31.  6d.  cloth  ;  or,  4s.  td.  leather,  pocket-book  form,  with  tuck. 

iJust  published. 
"  wni  snppty  a  mach  felt  «rant  csp«cUIIy  among  Colonists,  In  whose  way  arc  ao  onen  thtowa 
■lany  mineralog^icai  specimens  the  value  of  «hich  it  is  difficult  to  determine.  — F.njpinttr, 

"How  to  find  commercial  minerals,  and  how  to  i>)emify  them  when  they  arc  (a«ind,  are  the 
Imertlng  points  to  which  attention  is  directed.  1  he  author  has  nianaifed  to  pack  as  much  practical 
detail  into  his  pages  as  would  supply  material  for  a  book  three  times  its  fxgm."—MifUM£  ymuntml. 

Mining  Notes  and  FormulcB. 

NOTES  AND  FORMUL.^  FOR  MINING  STUDENTS.    By 

IOHN  Herman  Mkkivale,  M.A.,  Certificated  Colliery  Manager,  Professor  of 
fining  in  the  Durham  College  of  Science,  Newcastle-upon-Tyne,    Third 
Edition,  Revised  and  Enlarged.     Small  crown  8vo,  zs.  6d.  cloth. 
"  Inraluable  to  anyone  who  Is  working  up  for  an  examination  on  mining  subjects "—/r»M  and 
Cee/  TratUt  Rnirw. 

"  The  author  has  done  his  work  In  an  exceedinj^y  creditable  manner,  and  has  produced  a  book 
that  will  be  of  service  to  students,  and  those  who  are  practically  engaged  in  mining  opetatioB&.''— 
BntiH€4r. 

Handybook  for  Miners. 

THE  MINER'S  HANDBOOK  :  A  Handy  Book  of  Reference  on 
the  Subjects  of  Mineral  Deposits,  Mining  Operations.  Ore  Dressing,  &c. 
For  the  Use  of  Students  and  others  interested  in  Mining  matters.  Compiled 
byJoH.s  Milne,  F.RS.,  Professor  of  Mining  in  the  Imperial  University  cl 
japan.    Revised  Edition.    Fcap.  8vo,  js.  dd.  leather.  [Jvit  published. 

"  Profps^sor  .Milne  s  h.indbook  is  sure  to  le  rcceivcl  with  favour  by  all  connected  with  miuisfiv 
and  will  be  extreutely  popular  among  students."— WM^/z^rx/'/. 

Miners^  and  3IetaXlurgists'  Pocket-Book. 

A  POCKET-BOOK  FOR  MINERS  AND  METALLURGISTS. 
Comprising  Rules,  Formulae,  Tables,  and  Notes,  for  Use  in  Field  and  Office 
Work.    By  F.  Danvers  Power,  F.G.S..  M.E,    Fcap,  bvo,  g*.  leather. 

"  This  excellent  l>ook  is  nn  admirable  ev.Tmple  of  its  kind,  and  oueht  to  find  a  large  sale 
amcnifst  Em^Iishspeakinjf  pro^.j^'ctors  and  minirnj  engineers.' —/r'/.^M/.'^.r-.-.v. 

"  A  useful  xit  ie-mecum  containing  a  mass  of  rules,  fomiuLo,  tai^lci,  anl  various  other  informa 
tion,  nccesa.irj  i-jr  d  liiy   eference."— /ron. 

Mineral  Surveying  and  Valuing. 

THE  MINERAL  SURVEYOR  AND  VALUER'S  COMPLETE 
GUIDE,  comprising  a  Treatise  on  Improved  Mining  Surveying  and  the  Valua- 
tion of  Mining  Properties,  with  Sew  Traverse  Tables.     By  VVm.  Linterm. 
Third  Edition.  Enlarged.     i2mo,  4s.  cloth. 
"  A  valuable  and  thoroughly  trustworthy  guide.'  —/r.m  and  Coal  Frades  Review. 

Asbestos  and  its  Uses* 

ASBESTOS :  Its  Properties,  Occurrence,  and  Uses.      With  some 
Account  of  the  Mines  of  Italy  and  Canada.    By  Robert  H.Jones.     With 
Eight  Collotype  Plates  and  other  Illustrations.    Crown  6vo,  i2s.  6d.  cloth. 
•'An  interesting  and  invaluable  work."— Co//«rv  Guardian. 

Explosives, 

A  HANDBOOK  ON  MODERN  EXPLOSIVES.  Being  a 
Practical  Treatise  on  the  Manufacture  and  Application  of  Dynamite,  Gun* 
Cotton.  Nitro-Glycerine,  and  other  Explosive  Compounds.  Including  the 
Manufacture  of  Collodion-Cotton.  By  M.  Eissler,  Author  of  "  The  MetaN 
lurgy  of  Gold,"  &o.    Crown  8vo,  los.  6d.  cloth. 

**  Usefiil  not  only  to  the  mmer.  but  also  to  officers  of  both  services  to  whom  blasting  and  the 
use  of  explosives  generally  may  at  any  time  become  a  necessary  auxiliary."— Aa/wrr. 

**  A  veritable  mine  of  mtormat.-n  on  the  subject  of  explosives  enipU>)'ed  for  uihtary.  mining 
and  blasticg  purposes."— -'^nviv  and  Navy  GaaetU. 

Iron^  Metullvrgy  of, 

METALLURGY  OF  IRON.  ContainingHistoryof  Iron  Manu- 
facture, Methods  of  Acsay,  and  Analyses  of  Iron  Ores,  Procesres  of  Manu> 
facture  of  Iron  and  Steel.  &c.  By  li.  Pauerman,  F.G.S.,  A.R.S.M.  With 
nuiccrous  lUustratioos.    Sixth  Edition,  Enlarged,    zamo,  55. 6d,  cloth. 
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€!oUiery  Management. 

THE  COLLIERY  MANAGER'S  HANDBOOK:  A  Compre- 
hensive Treatise  on  the  Laytng-oot  and  Working;  of  Collieries.  Designed  as 
a  Book  of  Reference  for  Colliery  Managers,  and  for  the  Use  of  Coal-Mining 
Students  preparing  for  First-class  Certificates.  By  Calbb  Pambly,  Mining 
Engineer  and  Surveyor;  Member  oi  the  North  of  Eneland  Institute  of 
Mining  and  Mechanical  Engtni*ers;  and  Member  of  the  South  Wales' Insti- 
tute  of  Minine  Engineers.  With  nearly  500  Plans,  Diagrams,  and  other 
Illustrations.  Second  Edition,  Revised,  with  Additions.  Medium  8vo,  about 
700  pages.    Price  £i  5s.  strongly  bound. 

Summary  of  roNTENTS. 


Geology.  —  Search  for  Coal.— 
TkliNERAL  Leases  and  other  Hold- 
ings.—Shaft  Sinking.— Fitting  Up 
THE  Shaft  and  Surface  Arrangb- 
'MENTS.— Steam  Boilers  and  their 
•Fittings. — Timbering  and  Walling. 
— Narrow  Work  and  Methods  of 
Working. — Underground  Convey- 
ance.— Drainage. — The  Gases  met 
with  in  Mines;  Ventilation. — On 
THE  Friction  of   Air   in    Mines.— 


The  Prie!>tman  Oil  Engine  ;  Petro- 
leum AND  Natural  Gas  — Surveying 
AND  Planning.— Safety  Lamps  and 
Fire  DampDetectors.— Sundry  and 
Incidental  Operations  and  Appli 
ances. — CollieryBxplosions. — Mis- 
cellaneous Questions  &  Answers. 

Appendix:  Summary  of  Report  of 
H.M.  Commissioners  on  Acciosnts 
in  Mines. 

*♦*  Opinions  of  the  Press. 

"Mr.  Pamely  has  not  only  srivcn  us  a  comprehensive  refcr«rnce  book  of  a  very  high  order, 
-suitable  to  the  requirements  of  ininint;'  enfrncers  and  colliery  inaii;ii;ers,  but  at  the  %^mc  time  has 

Srovided  mining  students  with  a  cla&s-book  thxt  is  as  interesting  as  it  is  'vaswictiv:"—^cUitry 
fanax'er. 

•*  Ntr.  Pamely's  work  5s  eminently  suited  to  the  purpo'e  for  which  It  Is  Intended— being  clear, 
'Interesting,  exhaustive,  rich    in   dcuil,  and  up  tu  date,  givini;  descriptions  of  the  very  latest 
machines  m  everv  department.    ...    A  mining  engineer  could  scarcely  go  wrocg  who  (oUowed 
this  work.."— Co/tury  Uuara'iau. 

"  This  is  the  most  complete  '  all  round '  work  on  coal-minin?  published  in  the  English 
"language.  .  .  .  No  library  of  coalmining  books  is  complete  without  it."— CeUury  EHgiHe4r 
<Scranton.  Pa..  U.S.A.). 

"  Mr.  Pamely's  work  is  in  all  respects  worthy  of  our  admiration.  No  person  In  any  responsible 
^ositioa  connected  with  mines  should  bo  without  a  cot>y."—tf  tsSmiftster  Keincat. 

€!oal  and  Iron. 

THE  COAL  AND  IRON  INDUSTRIES  OF  THE  UNITED 
KINGDOM.  Comprising  a  Description  of  the  Coal  Fields,  and  of  the 
Principal  Seams  of  Coal,  with  Returns  of  their  Produce  and  its  Distribu- 
tion, and  Analyses  of  Special  Varieties.  Also  an  Account  of  the  occurrence 
of  Iron  Ores  in  Veins  or  Seams ;  Analyses  of  each  Variety ;  and  a  History  oi 
the  Rise  and  Progress  of  Pig  Iron  Manufacture.  By  Richard  Mbadb,  AssittanI 
Keeper  of  Mining  Records.  With  Maps.  8vo.  £1  8x.  doth. 
"  The  book  Is  one  which  must  find  a  place  on  the  shelves  of  all  interested  In  coal  and  iraa 

fwodttctkm.  and  in  the  iron,  steel,  and  other  metallurgical  industries."— £»^MMr. 

"  Of  this  book  we  may  unreservedly  say  that  it  is  the  best  of  its  class  which  we  have  evar  mat. 

...    A  book  of  reference  which  no  one  engaged  In  tha  Iron  or  coal  tndM  should  omit  firoai  hll 

iUbrary  "—Iron  and  Ccal  TrtuUs  Kevicw, 

Coal  Mining. 

COAL  AND  COAL  MINING:  A  Rudimsntaty  Tnatist  on.    By 
4he  late  Sir  Warington  W.  Smyth,  M.  A.,  F.R.S..  dec.  Chief  Inspector  of  the 
Mines  of  the  Crown.     Seventh  Edition,  Revised   and  Enlarged.     With 
numerous  Illustrations.    lamo,  45.  cloth  boards. 
***  As  an  outline  Is  given  of  every  known  coal-field  In  this  and  other  countries,  as  well  as  of  the 

Mindpal  methods  of  working,  the  book  will  doubtloH  Interest  a  very  large  nuiuoer  of  readers."— 

MUniMf  yaumai. 

fiubterraneouH  Surveying. 

SUBTERRANEOUS  SURVEYING,  Elementary  and  Practical 
Treatise  on,  with  and  without  the  Magnetic  Needle.  By  Thomas  Fen  wicb, 
Surveyor  of  Mines,  and  Thomas  Baker,  C.E.  lUust.  xamo,  3s.  cloUi  boards, 

Chranite  Quarrying. 

GRANITES  AND  OUR  GRANITE  INDUSTRIES.  By 
George  F.  Harris,  F.G.S.,  Membre  de  la  Sociiti  Beige  de  Gtelogie,  Lec- 
turer on  Economic  Geology  at  the  Birkbeck  Institution,  &c  With  lUustra* 
tions.    Crown  8vo,  25.  6d.  cloth. 


A  clearly  and  well-written  mmual  on  the  granite  Industry."  — 5^^'""*' 

ff  work,  which  will  be  deservedly  esteemed.*' 
An  exceedingly  interesting  and  valuable  monograph  on  a  subject  which  has  hitherto  received 


." — Collitry  Guarttian. 


"  An  interesting  work,  which  will  be  deservedly  esteem 
"  An  exceedingly  interesting  and  valuable  monograph  on 
cmaccountatily  little  attention  in  the  shape  of  systematic  literary  tnMOamXJ'Scottish  Ltadtr, 
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Ooldf  Metallurgy  of. 

THE  METALLURGY  OF  GOLD :  A  Practical  Treatise  on  the 
Metallurgical  Treatment  of  Gold-bearing  Oret.  InclodiDg  the  Processes  of 
Concentration  and  Cblorination,  and  the  Assavinift,  Melting,  and  Refining  of 
Gold.  By  M.  EissLSK,  Mining  Engineer  and  Metallurgical  Chemist,  formerly 
Assistant  Assayer  of  the  U.S.  Mint,  San  Francisco.  Third  Edition,  Revised 
and  greatly  Enlarged.    With  187  Illustrations.    Crown  8vo«  xs.  6d,  doth. 


••  Thb  book  thoroagrhlydeflcrTM  Its  title  of  a 'Practical  TrMtiseL*  Tb«  « bote  ptocca of  (old 
BllUnff,  from  the  breaking  of  the  quaru  to  the  auay  of  the  buUicm.  k  described  in  dear  aad 
Ofderly  narrative  and  with  much,  but  not  too  much,  fumess  of  detaiL" — Sm/tirdmy  Revtrm: 

*"  The  work  is  a  storehouse  of  inforraation  and  ralcable  data,  and  we  strongty  racomniMid  it  t» 
•B  profeulonal  mma  engaged  in  tlae  gold-mfaux^  industry.'  ^Vi«iM|f  yat^rnmL 

Gold  Extraction* 

THE  CYANIDE  PROCESS  OF  GOLD  EXTRACTION  :  and 
its  Practical  Application  on  the  Witwatersrand  Gold  Fields  in  Sooth  Africa. 
Ky  M.  EissLER^  M.E..  Mem.  Inst.  Mining  acd  Metallurfty.  Author  of  "The 
Metallurgy  of  Geld,"  &c.  With  Diagiams  and  Working  Drawings.  Large 
crown  8vo,  7s.  6J.  cloth.  IJusi  published. 

"  This  I--.1  k  j".  just  vh.it  w  \<  nee'lr J  to  aoqu  ^''.^  mint-,;?  men  with  the  actual  workini;  of  a  pro- 
cess Mhich  is  not  <>t;;y  'Jif  :ii<'^:  popul.ir.  I>ut  i«.,  a;*  a  ^cnerAl  rule,  the  ;iiost  successful  for  the  eatcAc> 
tioij  of  (;ol<l  from  lailini^s.  — .I/»'u//it'  jfarna:. 

"  The  w>.'tk  will  provf  i;;\a!uab!e  :o  all  inrerestei.!  ia  gal.i  mini.-.;;,  whether  mctr.Durgists  or  a9> 
Investors."— CA^-'/iiui.'  AVt*  j. 

Silver^  Metallurgy  of. 

THE  METALLURGY  OF  SILVER  :  A  Practical  Treatise  oa 
the  Amalgamation,  Roasting,  and  Lisiviation  of  Silver  Ores.  Including  the 
Assaying,  Melting  and  Rehning,  of  bilver  Bullion.  By  M.  Bisslbk.  Author 
of  "The  Metallurgy  of  Gold,"  &c.  Second  Edition,  Enlarged.  With  150 
lllastraticns.    Crown  8vo,  101.  6d.  cictb. 

"  A  practical  treatise,  and  a  technical  work  which  we  are  convlr.ced  will  supply  a  lon|^4^  want 
amongst  practical  men.  and  at  the  same  time  be  of  Taloe  to  students  aa  J  others  indttectly  coauected 
with  Ute  industries. "—.Vt«i«^  ycurnml. 

"  From  first  to  last  the  book  is  thoroughly  sound  and  reliable."— C«tff^^  CuMrtlimn, 
"  For  chemists,  practical  mmers,  assajrers.  and  investors  alike,  we  do  not  know  of  aaj  wotk 
OB  tbe  subiect  so  handy  and  yet  so  comprehensive.'  — (r««i;^w  UtrmSd. 

Lead,  Metallurgy  of. 

THE  METALLURGY  OP  ARGENTIFEROUS  LEAD:  A 
Practical  Treatise  on  the  Smelting  of  Silver-Lead  Ores  and  the  Refining  of 
Lead  Bull icn.  Including  Reports  on  various  Smelting  Establishments  and 
Descriptions  of  Modem  Smelting  Furnaces  and  Plants  in  Europe  and 
America.  By  M.  Eissler,  M.E..  Author  of  "The  Metallurgy  of  Gold,"  Ac. 
Crown  8vo,  400  pp.,  with  183  Illustrations,  125.  6d.  cloth. 

•*  The  nur'-.erf.us  raetaliur>rical  rrrcef<.e«,  whith  are  fuDy  and  extensively  treated  of.  embrace 
■n  the  staK'<^s  ex)>enenced  in  the  i^ass.-))ce  '-t  the  lend  fn>n\  the  vaiious  natural  states  to  its  i&sue 
from  the  refinery  as  .in  article  of  ccnmierce."— /"rnr. .'.va,' /-. nj^iner. 

"  The  present  volume  fully  ni.tii.tAir.s  ;he  rej  i  t,>t:f  v.  <■<  tht-  fivth^r.  Thofe  ^ho  wish  to  obtain 
a  thorough  msight  into  the  present  «.ta:e  cf  this  ir.dustrv-  cs^.n^t  do  t-etter  than  read  this  roltmie, 
and  all  mining  engineers  cannot  fad  \<>  tr:<l  n-.any  useful  hints  ar.d  5i:(rgestions  in  it." — tmdMstrus. 

"  It  is  most  carefully  written  and  ilhist rated  with  capital  di.-.wir^js  and  diagrams.  In  fact,  ft  is 
the  work  of  an  expert  for  experts,  Ly  whom  it  wtU  be  piiteJ  as  an  Indispensable  tezt^book."— 
Briitol  Mtrcnry. 

Iron  Mining. 

THE  IRON  ORES  OF  GREAT  BRITAIN  AND  IRELAND  : 
Their  Mode  of  Occurrence,  Age,  and  Orit;in,  and  the  Methods  of  Searching 
for  and  Working  them,  with  a  Notice  cf  some  of  the  Iron  Ores  of  Spain, 
By  J.  D.  Kendall,  F.G.S.,  Mining  Loeineer.    Crown  8vo,  i6s.  cloth. 

••  The  author  l.as  a  thcrouRh  practical  kr^owiedce  <.f  his  M;l;ect,  and  has  supplemented  a  care* 
fill  study  of  the  availal-le  literature  I  y  un^ubli>hfd  ii.*'(nni«:i<n  Jtr.ved  frcm  his  own  observatior.s- 
The  result  is  a  ver>'  useful  volume  which  cannot  fail  to  le  cf  va.'ue  to  all  mtere^cd  in  the  uon 
Industry  of  the  country." — Industries. 

"  NIr.  Kendall  is  a  ^reat  authority  on  this  sulject  and  writes  rom  personal  observation." — 
Ccllitry  Guardian. 

"  Mr.  Kendall  s  bc>ok  is  thorougl.ly  well  done.  In  It  there  are  the  outlines  of  the  history*  of 
ore  mil  inif  m  every  centre  and  there  is  eve r>  thing  that  we  wr.i.t  to  know  as  to  the  character  01  the 
or«s  of  each  distnct,  their  ccmraercial  \alue  a:.d  the  co^^t  uf  wcrkirg  them  '— /rtvi  and  St**l 
TraJts  y^urual. 
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ELECTRICITY,  ELECTRICAL  ENGINEERING,  etc. 
Dynamo  Management. 

THE  MANAGEMENT  OF  DYNAMOS:  A  Hand>book  ot 
Thecry  and  Practice  for  the  Use  of  MechaDics,  Engineers,  Students  and 
others  in  Charge  of  Dynamo?.  By  G.  VV.  Lummis  Paterson.  With  nume- 
rous Illustrations.    Crown  8vo,  35.  6d.  cloth.  [Just  publkhed.. 

Electrical  Engineering. 

THE  ELECTRICAL  ENGINEER'S  POCKET-BOOK  OP 
MODERN  RULES,  FORMULM,  TABLES.  AND  DATA.  By  H.  R. 
Kemps,  M.Inst.E.E.,  A. M.Inst.C.E.,  Technical  Officer,  Postal  Telegraphs^ 
Author  of  "A  Handbook  of  Electrical  Testing,"  &c.  Second  Edition^ 
thoroughly  Revised,  with  Additions.  Royal  32mo,  oblong,  55.  leather. 
"There  is  very  little  in  the  shape  of  fonnuLeor  data  which  the  clectrlctan  is  likely  to  waK> 
In  a  hufry  which  cannot  be  found  in  Its  pa^jes." — Practical  EH^inttr. 

"A  very  useful  book  of  reference  for  daily  use  in  practical  electrical  englnecrinK  and  Iti 
various  appucations  to  the  industr.es  of  the  present  day  "-'Jrvn. 
"  It  is  the  best  book  of  its  )k\Dd."^ EUctrical  Enrineer. 

"Well  arranged  and  compact.    The  *  Electrical  Engineer's  Pockct-Book  '  Is  a  good  one."— 
EUctririan.  I  fitift'/v- 

"Strongly  recommended  to  those  engaged  la  the  various  electrical  industries."— i>/«:/ric0«^ 

Electric  Lighting* 

ELECTRIC  LIGHT  FITTING:  A  Handbook  for  Working 
Electrical  Engineers,  embodying  Practical  Notes  on  Installation  Manage- 
ment, By  John  W.  Urquhart,  Electrician,  Author  of  "  Electric  Light."  &c. 
With  numerous  Illustrations.  Second  Edition,  Revised,  with  Additional 
Chapters.  Crown  8vo,  5s.  cloth. 
"  This  volume  deals  with  what  may  he  termed  t^e  mechanics  of  electric    liffhtlng.  and  b 

addressed  to  men  who  are  already  en};nti;ed  in  the  work  nr  are  tr.iining  for  it.    The  woik  traverses- 

a  gTe«t  dtal  of  ground,  and  may  Be  read  as  a  sequel  to  the  same  author's  useful  work  on  '  Electric 

Light.'  "—hUctriciaH. 

"  This  is  an  attempt  to  state  In  the  simplest  language  the  precautions  which  should  beadopte4- 

In  installing  the  clectrtc  light,  and  to  e've  infornutum, Tor  t(>e  guidance  of  those  who  have  to  rua 

the  plant  when  installed.     The  book  is  well  worth  the  perusal  of  the  workmen  for  whom  it  Is 

wtiXX«n."— Electrical  Retietv. 

"  We  have  read  this  book  with  a  good  deal  of  plcarure.    We  Iwlieve  that  the  book  will  be  of 

UM  to  practical  workmen,  who  will  not  be  alarmed  by  finding  luathematical  formulae  which  thc^ 

are  un«blc  to  understand."— ZiVrr/rira/  Plant. 

Electric  Light* 

ELECTRIC  LIGHT :  Its  Production  and  Ust.  Embodying  Plain 
Directions  for  the  Treatment  of  Dynamo- Electric  Machines,  Batteries 
Accumulators,  and  Electric  Lamps.  By  J.  W.  Urquhart,  C.E.,  Author  of 
"Electric  Light  Fitting,"  "Electroplating,"  Ac.  Fifth  Edition,  carefully 
Revised, with  Lar^^e  Additions  and  145  Illustrations.  Crown  8vo.  -s.  6J.  cloth. 
"  The  whole  ground  of  electric  lig^tins  is  more  or  less  covered  and  explained  in  a  very  clear 

end  concise  m«»nner."— /-/^./jt/vi/  Rfiini: 

"Contains  a  good  de.il  of  very  inlerest'ng  information,  especially  in  the  parts  where  tbe 

author  gives  dimensions  and  vtorkini;  costs."— A/rrrrira/  Engineer. 

"  A  miniature  vade-mecum  of  the  salient  facts  connected  with  the  science  of  electric  ligh^ 

xn.^.' — E  'eitrician. 

"You  cannot  for  your  purpose  have  a  better  book  than  'Electric  Light.'  by  Uiquhart."— 

Er.g  iueer. 

"  The  book  Is  by  far  the  best  that  we  have  yet  met  with  on  the  subject."— ^/A^k^tmaw. 

Construction  of  Dynamos. 

DYNAMO  CONSTRUCTION  :  A  Practical  Handbook  for  the  Usi 
of  Engineer  Constructors  and  Electricians-in-Ckarge.  Embracing  Frame- 
M'ork  Building,  Field  Magnet  and  Armattire  Winding  and  Grouping,  Com- 
pounding, &c.  With  Examples  of  leading  English,  American,  and  Conti- 
nental Dynamos  and  Motors.  By  J.  W.  Urquhart,  Author  of  "Electrit 
Light,"  "  Electric  Light  Fitting,"  Ac.  Second  Edition,  Revised  aod  En- 
1  irged.  With  114  Illustrations.  Crown  8vo,  7s.  6d.  cloth.  IJust  pnbliihed, 
'  Mr.  Urquhart's  book  is  the  first  one  which  deals  with  these  matters  In  such  a  way  tlmt  the 

e'i.rineering  student  can  understand  them.    The  book  is  very  readable,  and  the  author  leads  his 

feaJcrs  up  to  difficult  subjects  by  reasonably  simple  l9iXs."—P.ng-iHeerin^  Kn-unv. 

"  The  author  ilc.\ls  with  his  subject  m  a  style  so  popular  as  to  m.ike  his  volume  a  handbook  of 

gre.it  practical  value  to  engineer  constructors  and  electricians  in  charge."—  Siotsman. 

"'Dynamo  ConstnicH^ri ■  more  th.in  sustains  the  high  character  of  the  author's  prevkms 

publications.    It  is  sure  tr  be  widely  read  by  tbe  large  and  rapidly  increasing  numt)er  of  practice 

electrici.ms."— (;/a.r^<»»  Ht*Jil<t. 

"  A  book  for  which  a  aemand  has  long  existed."— A/irrAa nam/  IVarSd. 
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A  New  IHctionary  of  Electricity, 

THE  STANDARD  ELECTRICAL  DICTIONARY.  A  Popo- 
lar  Dictionary  of  Words  and  Terms  Used  in  the  Practice  of  Electrical  Engi- 
neering. Containing  upwards  of  3,000  Definitions.  By  T.  O'Conmor  Sloank, 
A.M.,  Ph.D..  Author  of  "The  Arithmetic  of  Electricity,"  &c.  Crown  8vo. 
6\o  pp..  350  Illustrations,  7s.  6d.  cloth.  13^*'''  published. 

"  The  work  has  many  attractive  features  in  it.  and  is  beyond  doab».  a  weu  put  together  and 
•seful  publication.  The  amount  of  f^'>und  covered  may  be  gathered  from  the  fact  that  In  the 
kidex  about  5.000  references  will  be  found.  The  incluvion  of  such  coniparatirelv  modem  words 
as  '  impedence.'  'reluctance.'  &c.,  shows  that  the  author  has  desired  to  be  up  to  oaie,  and  indeed 
there  are  other  indications  of  carefulness  of  coiapiution.  The  work  is  one  wh'ch  doei  the  autlior 
gr«at  credit  and  it  should  prove  of  »freat  value,  e  pecially  to  s'udents." — Eifrfrical  Review. 
Very  complete  and  contuns  a  lar);e  amount  of  useful  iiiforwvition.'"— /M</KX/rifx. 
"  An  encycloiMtdta  of  electrical  science  in  the  compass  of  a  dictionary.  The  information 
ftreo  \»  soiind  ancf  clear.  The  book  is  well  printed,  well  illustrated,  and  well  up  to  date,  and  iomj 
M  confidently  re<"oramended."— ^«i/rfrr. 

•*  The  volume  is  excellently  printed  and  illu'itrated.  and  «hou!d  form  part  of  the  library  of 
every  one  who  is  connected  with  electrical  matters."— ^ort/a-arr  TratU  jftmmaJ, 

Electric  Lighting  of  Ships. 

ELECTRIC  SHIP.LIGHTING  :  A  Handbook  on  the  Practical 
Fitting  and  Running  of  Ship's  Electrical  Plant.  For  the  Use  of  Shipowners 
and  Builders,  Marine  Electricians,  and  Sea-going  Engineers-in-Charge.  By 
1.  W,  Urquhart,  CB.  With  88  Illustrations.  Crown  8vo.  7s  &/.  cloth. 
"  The  subject  of  ship  electric  li(;httn{;  is  one  of  vast  Importance  in  these  days,  and  Mr.  Urqu- 
kirt  is  to  be  hif^hty  complimented  for  placing  such  a  valuable  work  at  the  service  of  the  practical 
rine  electrician." — Tke  Steamship. 


"  Distinctly  a  book  which  of  its  kind  stands  almost  alone,  and  for  which  there  should  be 


aanne 

demand."— £/M:rrua/  Review. 

Country  House  Electric  Lighting, 

ELECTRIC  LIGHT  FOR  COUNTRY  HOUSES  :  A  Practical 
Handbook  on  the  Erection  and  Running  of  Small  Installations,  with  par- 
ticulars  of  the  Cost  of  Plant  and  Working.  By  J.  H.  Knight.  Crown  8vo, 
IS.  wrapper.  [Just  published. 

Electric  Lighting* 

THE  ELEMENTARY  PRINCIPLES  OF  ELECTRIC  LIGHT- 
ING.     By  Alan  A.  Campbkll  Swinton,  Associate  I.E.E.     Third  Edition, 
Enlarged  and  Revised.    With  16  Illustrations.    Crown  8vo.  is.  6d.  cloth. 
"Anyone  who  desires  a  short  and  thorou|;hly  clear  exposition  of  the  elementary  pcinclplM  of 
^ectric-Uffhtinff  cannot  do  better  than  read  this  little  work.'  —£ra4^i»nd  Oiservtr, 

Dynamic  Electricity. 

THE  ELEMENTS  OF  DYNAMIC  ELECTRICITY  AND 
MAGNETISM.  By  Philip  Atkinson,  A.M..  Ph.D.,  Author  of  "The  Ele- 
ments of  Electric  Lighting,"  &c.    Cr.  8vo,  with  120  Illustrations,  xos.  6d.  d. 

Electric  Motors,  <f c. 

THE  ELECTRIC  TRANSFORMATION  OF  POWER  and  its 
Application  by  the  Electric  Motor,  iociudine  Electric  Railway  Construction. 
By  P.  Atkinson,  A.M.,  Ph.D  .  Author  of  "  The  Eiemen's  of  Electric  Light- 
ing," &c.    With  96  Illustrations.    Crown  8vo,  7s.  td.  cloth. 

Dynamo  Construction. 

HO  W  TO  MAKE  A  D  YNAMO :  A  Practical  Treatise  for  Amateurs. 

Containing  numerous  Illustrations  and  Detailed  Instructicms  for  Constrncl- 

ing  a  Small  Dynamo,  to  Produce  the  Electric  Light.    By  Ai^frso  Crofts. 

Fourth  Edition.  Revised  and  Enlarged.  Crown  8vo,  2S.  cloth. 

"The  instructions  ^ven  m  this  unpretentious  little  book  are  sufficiently  clear  and  espHclt  to 
•aable  any  amateur  m4»chanic  possessed  of  averaj^e  skill  and  the  usual  tools  to  be  found  in  am 
aoiateur's  workshop,  to  build  a  practical  dynamo  machine."— i^^cTruTMif. 

Text  Book  of  Electricity. 

THE  STUDENT'S  TEXT-BOOK  OP  ELECTRICITY.  By 
Hbnry  M.  NoAD,  F.R.S.  630  pages,  with  470  Illustrations.  Cheaper  Edition. 
Crown  8vo,  gj.  cloth.  [Jms/  published. 

Electricity. 

A  MANUAL  OP  ELECTRICITY:  Including  Galvanism,  Mag. 

tutism,  Dia-kfagnetism,  EUctro-Dynamics.  By  Henrt  M.  Noad,  Ph  D.,  F.R.S. 

Fourth  Edition  (1859).    8vo,  £1  4s.  cloth. 
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Building  Construction* 

PRACTICAL  BUILDING  CONSTRUCTION :  A  Handbook 
for  Students  Preparing  for  Examinations,  and  a  Book  of  Reference  for 
Persons  Engaged  in  Building.  By  John  P.  Allen,  Surveyor,  Lecturer  on 
Building  Construction  at  the  Durham  College  of  Science,  Newcastle.  Medium 
8vo,  450  pages,  with  t,oco  Illustrations.    12s.  6d.  cloth.  [7**if  published. 

"  This  volume  is  one  of  the  most  complete  expositions  of  buildinfj  construction  we  hare  seen. 
ft  contains  aU  that  is  necessary  to  preparv  students  for  the  various  examinations  in  tMuldiog  con- 
^auction.''— Building'  News. 

"  The  author  depends  nearly  as  much  on  his  diagrams  as  on  his  type.  The  pages  sui;(rest 
the  hand  of  a  man  of  experience  in  buildinjiir  operations— and  the  volume  must  be  a  blessmt;  to 
many  teachers  as  well  as  to  students.*'— T/i^  Architect. 

"  The  worlc  is  sure  to  prove  a  formidable  rival  to  great  and  sma'l  competitors  alike,  and  bids 
f<t!r  to  take  a  permanent  place  as  a  favourite  students'  text  t>i>ok.  The  lai(re  numtter  of  illustra- 
tions deserve  particular  mention  for  the  tfreat  merit  thev  possess  for  purposes  of  reference,  in  ex- 
actly corresponding  to  convenient  scales."— T"*"""-  /«x/.  Bri/.  ArcJus. 

The  New  London  Building  Act,  1894, 

THE  LONDON  BUILDING  ACT,  1894;  with  the  By-Laws 
and  Regulations  of  the  London  County  Council,  and  Introdact'on,  Notes, 
Cases  and  Index.  By  Alex.  J.  David.  P.A.,  LL.M.  of  the  Inner  Temple, 
Barrister-at-Law.    Crown  8vo.  3s.  6d.  cloth.  [^ust  published. 

"  To  all  architects  and  district  surveyors  and  builders,  Mr.  David's  manual  will  be  welcome."— 

SuildtHj^  NfTvs. 

"The  volume  will  doubtless  be  eagerly  consulted  by  the  buiMin;;  UiXermXy."— I ilu strafed 

Klarfenter  and  Builder. 

Concrete. 

CONCRETE:    ITS    NATURE    AND    USES.      A  Book  for 

Architects,  Builders.  Contractors,  and  f  lerks  of  Works.      Bv  George  L. 

SuTCLiFFR,  A.R.I.B.A.    Crown  8vo,  75.  6d.  cloth.  lJ**st  published. 

"  The  author  treats  a  difficult  subject  in  a  lucid  manner.  The  m^iniial  fills  a  long-feU  pap.  It 
is  careful  and  exhaustive  ;  equally  useful  as  a  student's  guide  and  a  architect's  book  of  reference." 
— Jount  at  <^f  Royal  Institu.ion  of  British  Architects. 

"  There  is  room  for  this  new  book,  which  will  prol>ably  be  for  some  time  the  standard  work  on 
the  subject  for  a  builder's  purpose."— (^A^j^'^'W  Herald. 

"  A  thoroughly  useful  and  comprehensive  vqxVJ'— British  Art,Hitect. 

Mechanics  for  Architects. 

THE  MECHANICS  OF  ARCHITECTURE :  A  Treatise  on 
Applied  Mechanics,  specially  Adapted  to  the  Use  of  Architects.    Bv  B.  W. 
Tarn,  M.A.,  Author  of  "The  Science  of  Building,"  &c.    Second  Edition, 
Enlarged.    Illust.  with  125  Diagrams.    Cr.  8vo.  75.  fd.  cloth,  ^fust  {>ublished, 
"  The  book  is  a  very  useful  and  heloful  manual  of  architectural  mechanics,  and  really  contains 
cuffident  to  enable  a  careful  and  painstakin;;  student  to  gra^p  the  principiet  bearini;  upon  the  ma- 
jority of  building  problems.    .    .    .    Mr.  Tarn  has  adden,  by  this  volume,  to  the  debt  of  gratitude 
whicn  is  owing  to  him  by  architectural  students  for  the  many  valuable  works  which  he  has  pro* 
duced  for  their  use.'— The  Buil.ier. 

"  The  mechanics  In  the  vol-jme  are  reallv  mechtnics.  and  are  harm->niously  wrought  in  with 
Khe  distinctive  professional  manner  proper  to  the  subject. '—  T/u  Scha^lntasUr. 

The  New  Builder's  Price  Book.  1890. 

LOCKWOOD'S  BUILDER'S  PRICE  BOOK  FOR  1896.  A 
Comprehensive  Handbook  of  the  Latest  Prices  and  Data  for  Builders, 
Architects,  Engineers,  and  Contractors.  By  Francis  T.  W.  Millsi.  800 
r.Iosely-printed  pages,  crown  8vo.  4«.  cloth. 

"  Thh  book  Is  a  very  useful  one,  and  should  find  a  place  la  every  English  office  connected  with 
tfie  building  and  engineering  professions."— /n</«j-^ri«x. 
"  An  excellent  book  of  reference.'— .,^rr*i/^rf. 

**  In  its  new  and  revised  form  this  Price  Book  Is  what  a  work  of  this  kind  should  be— compr*. 
kanshre,  reliable.  weU  arranged,  legible,  and  well  bound.'  —British  ArchiUcL 

Designing  Buildings, 

THE  DESIGN  OF  BUILDINGS:  Being  Elementary  Notes 
on  the  Planning,  Sanitat-on  and  Omamentlve  Formation  of  Structures,  based 
on  Modern  Practice.  Illustrated  with  Nine  Folding  Plates.  By  W.  Wood- 
ley,  Assistant  Master,  Metropolitan  Drawing  Classes.  &c.    8vo,  6s.  cloth. 

Sir  Wtn.  Chambers's  Treatise  on  Civil  Architecture. 

THE  DECORATIVE  PART  OP  CIVIL  ARCHITECTURE. 
By  Sir  William  Chambers,  F.R.S.  With  Portrait,  Illustrations,  Notes,  and 
an  Examination  of  Grecian  Architecture,  by  Joseph  Gwilt,  F.S.A.  Revised 
and  Edited  by  W.  H.  Lbbos.    66  Plates,  4to,  axs.  cloth. 
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Villa  Architecture* 

A  HANDY  BOOK  OP  VILLA  ARCHITECTURB :  Being  a 
Series  cf  Designs  for  Villa  Residences  in  variom  StyUt.  With  OnUio* 
Specifications  and  Estimates.  By  C.  Wicxbs,  Architect,  Anthor  of  "The 
Spires  and  Towers  of  England,"  oc.  6z  Plates,  4to,  £i  us.  6d.  half-morocco. 
**  The  whol«  of  the  deslpis  t>ear  evidence  of  their  belas  the  work  of  oa  artistic  arctaltoci,  aad 
Ifcey  will  pro«e  very  vahiable  and  tiugs[tsldv."^£itiUiM£  Jvimns, 

Text-Book  far  Architects* 

THE  ARCHITECT'S  GUIDE:  Being  a  Text-Book  of  UufiU 
Information  for  Architects,  Engineers,  Surveyors,  Contractors,  CUrks  of 
Works,  &c.  &e.  By  Frxoesick  Rogers,  Architect.  Third  Edition.  Crowo 
8vo,  3S.  6d.  cloth. 

"  As  a  text-book  of  awfbl  Infonaatlon  for  architects;  encineerib  nwveyon.  Ac.  it  wo«ld  te 
hard  to  find  a  handier  or  more  complete  little  volume."— iStoiwMrA 

Taylor  and  Cresy's  Rotne* 

THE  ARCHITECTURAL  ANTIQUITIES  OP  ROME.  By 
the  late  G.  L.  Tatlor,  Esq.,  F.R.I. B.A.,  and  Edward  Crest,  Esq.  New 
Edition,  tborotiRhly  Revisedf  bv  the  Rev.  Alexander  Taylor,  M.A.  (son  of 
the  late  G.  L.  Taylor,  Esq.),  Fellow  of  Queen's  College,  Oxford,  aad  Chap* 
lain  of  Gray's  Inn.  Large  folio,  with  13c  Plates,  £3  35.  half-bo:ind. 
"  Taylor  and  Cresy's  work  has  fk'om  Its  first  publication  tieen  ra^olted  amoag  tkoee  pcofewlottat 
books  which  cannot  be  bettered,"— ^rt'A tree/. 

I/ittcftr  Persficcttve* 

ARCHITECTURAL  PERSPECTIVE:  The  whole  Course  and 
Operations  of  the  Draughtsman  in  Drawing  a  Large  House  in  Linear  Per- 
spective. Illustrated  by  43  Foldinc  Plates.  By  F.  O.  Fbrcusow.  Second 
Edition,  Enlarged.    8vo,  3s.  6d.  boards.  [Jfst  published. 

"  It  is  the  most  intelli^Me  of  the  treatises  on  this  ill  treated  subject  that  I  have  met  with.  '— 
E.  Ingress  Bell.  lisq..  in  the  X.J.B.^.  JaumML 

Architectural  Ihrawing* 

PRACTICAL  RULES  ON  DRA  WING,  for  the  Ofetative  Builder 
and  Young  Student  in  A  rchiiecture.  By  George  Pynb.  With  24  Plates,  4to» 
75.  td.  boards. 

Vitruvitts'  Architecture, 

THE  ARCHITECTURE  of  MARCUS  VITRUVIUS  POLLIO. 
Translated  by  Joseph  Gwilt,  F.S.A.,  F.R.A.S.  New  Edition,  Revised  by 
the  Translator.    With  23  Plates.    Fcap.  8vo,  55.  cloth. 

Designing 9  Measuring ^  and  Valuing. 

THE  STUDENTS  GUIDE  to  the  PRACTICE  cf  MEASUR- 
ING AND  VALUING  ARTIFICERS'  WORK.  Containing  Directions  for 
taking  Dimensions,  Abstracting  the  same,  and  bringing  the  Quantities  into 
Bill,  with  Tables  of  Ccnctants  for  Valuation  of  Labour,  and  for  the  Calcula> 
tion  of  Areas  and  Solidities.  Originally  ediied  by  Edward  Dobson.  Architect. 
With  Additions  by  B.  Wyndham  Tarn,  M.A.  bixth  Edition.  With  6 Plates 
and  63  Woodcuts.  Crown  8vo,  75.  6d,  cloth. 
"This  edition  will  be  found  the  most  complete  trea::<«  on  the  principles  of  measuring  asd 
valuing  artificers'  work  that  has  yet  been  published."— if ><;.di>.^  yens. 

Pocket  Estimator  and  Technical  Guide. 

THE  POCKET  TECHNICAL  GUIDE,  MEASURER,  AND 
ESTIMATOR  FOR  BUILDERS  AND  SURVEYORS.  Containing  Tech- 
nical  Directions  for  Measuring  Work  in  all  the  Building  Trades,  Complete 
Specifications  (or  Houses,  Roads,  and  Drains,  and  an  easy  Method  of  Estimat- 
ing the  parts  cf  a  Building  collectively.  By  A.C.Beaton.  Seventh  Edit. 
Waistcoat-pocket  sire,  is.  6d.  leather,  gilt  edges. 
"  No  builder,  architect,  surveyor,  or  valuer  should  be  without  his  '  Beaton.'  ""  Suiia'in£  Xews, 

Donaldson  on  Specifications. 

THE   HANDBOOK   OF  SPECIFICATIONS;    or,   Practical 

Guide  to  the  Architect,  Engineer,  Surveyor,  and  Builder,  in  drawing  up 
Specifications  and  Contracts  for  Works  and  Constructions.  IllnstratMl  by 
Precedents  of  Buildings  actually  executed  by  eminent  Architects  and  En- 
gineers. By  Professor  T.  L.  Donaldson,  P.R.I.B.A.,  &c.  New  Edition. 
8vo.  with  upwards  of  1.000  paees  of  Text,  and  3.^  Plates.  £1  in.6d.  cloth. 
"  Vahiable  as  a  record,  and  more  valuable  still  as  a  book  of  precedents.  .  .  .  Saffice  It  to 
sny  that  D.>nat<isoo's  '  Handbook  of  Specifications'  must  be  bojght  by  all  architects."— ^KtWrr. 
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Bartholomew  and  JRogera^  SpeciflcfUions. 

SPECIFICATIONS  FOR  PRACTICAL  ARCHITECTURE. 
A  Guide  to  the  Architect,  Bngioeer.  Snrvejror,  and  Baildei.  With  an  Essay 
on  the  Structure  and  Science  of  Modem  Buildings.  Upon  the  Basis  of  the 
Work  by  Alfred  Bartholombw,  thoroughly  Revised,  Corrected,  and  greatly 
added  to  by  Frederick  Roobrs,  Architect.  Third  Edition,  Revised,  witb 
Additions.  With  numerous  Ulastrations.  Medium  8vo,  155.  cloth. 
"  Th«  coOection  of  specifications  prepared  by  Mr.  Rofi«rs  on  th«  basis  of  Baitholomati's  work 

il  too  well  known  to  need  any  recommendation  from  us.    It  is  one  of  the  books  witii  which  every 

youni;  architect  must  t>e  tqmppied.''^Architset, 

Construction^ 

THE  SCIENCE  OP  BUILDING  :   An  EUmentary  Treatise  on 
th€  Principles  of  Construction,     By  B.  Wyndham  Tarn,  M.A.,  Architect. 
Third  Edition.  Revised  and  Enlarged.  With  59  Engravings.  Fcap.  8vo,  4{.  cK 
A  Tery  valuable  book,  which  we  strongly  recommend  to  aD  students."— ^MiA^. 

Mouse  Building  and  Repairing. 

THE  HOUSE-OWNER'S  ESTIMATOR  ;  or,  What  will  it  Cost 
to  Build,  Alter,  or  Repair?    A  Price  Book  for  Unprofessional  People,  a» 
well  as  the  Arcnitectural  Surveyor  and  Builder.  By  J.  D.  Simon.  Edited  by  F.. 
T.  W.  Miller.  A.R.I.B.A.    Fourth  Edition.   Crown  8vo,  35. 6<<.  cloth. 
"In  two  years  it  will  repay  tts  cost  a  nondred  dmes  oiwtt,"—FieUt. 

Cottages  and  Villas* 

COUNTRY  AND  SUBURBAN  COTTAGES  AND  VILLAS: 

How  to  Plan  and  Build  Them.  Containing  33  Plates,  with  Introduction, 
General  Explanations,  and  Description  of  each  Plate.  By  James  W.  Bogub, 
Architect,  Author  of  "  Domestic  Architecture,"  &c.    4to,  xos.  6d.  cloth. 

Building ;  Civil  and  Ecclesiastical. 

A   BOOK   ON   BUILDING,  Civil  and  Ecclesiastical  including 
Church  Restoration  ;  with  the  Theory  of  Domes  and  the  Great  Pyramid,  &c 
By  Sir  Edmund  Beckett,  Bart.,  LL.D.,F.R.A.S.  Fcap.  8vo,  ss.  cloth. 
"  A  book  which  Is  always  amusing  and  nearly  always  instructtre."— TYmm. 

Sanitary  Houses,  etc. 

THE  SANITARY  ARRANGEMENT  OF  DWELLING- 
HOUSES:  A  Handbook  for  Householders  and  Owners  of  Houses.  By  A. 
i.  Wallis-Tayler,  A.m.  Inst.  C.E.  With  numerous  Illustrations.  Crowo 
vo,  2s.  6d.  cloth.  {Just  published. 

"  This  book  will  be  Lirffely  rc.ifl ;  it  will  lie  o(  considerable  service  to  the  public.    It  ii  wcl> 
arranged,  easily  read,  andior  the  luo^t  part  devoid  of  technical  terms."— Laficet. 

Ventilation  of  Buildings. 

VENTILATION.    A  Text  Book  to  the  Practice  of  the  Art  of 

Ventilating  Buildings.    By  W.  P.  Buchan,  R.P.    lamo,  4*.  cloth. 
"  Contains  a  great  amount  of  useful  practical  information,  as  thoroughly  interesting  as  it  i» 
technically  reliable."— .fin/uA  Archiuct. 

The  Art  of  Blumbing. 

PLUMBING,    A  Text  Book  to  the  Practice  of  the  Art  or  Craft  of 
the  Plumber.    By  William  Paton  Buchan,  R.P.    Sixth  Edition.    4s.  cloth. 
"A  text-book  which  may  be  safely  put  in  the  hands  of  every  young  plumber."— .fiMt.Urr. 

Geometry  for  the  Architect^  Engineer ^  etc. 

PRACTICAL  GEOMETRY,  for  the  Architect,  Engineer,  and 
Mechanic.  Giving  Rules  for  the  Delineation  and  Application  of  various 
Geometrical  Lines,  Figures  and  Curves.  By  E.  W.  Tarn,  M.A.,  Architect, 
8vo.  9s.  cloth. 

**  No  book  with  the  same  objects  In  view  has  ever  been  publUihed  In  which  the  clearness  of  the 
nies  laid  down  and  the  iiiu*lrative  djai^rajus  have  been  so  satisfactory."— «SoMfMran. 

The  Science  of  Oeometry. 

THE  GEOMETRY  OF  COMPASSES:  or,  Problems  Resolved 

Sf  the  mere  Detcription  of  Circlei,  and  the  itse  of  Cokmred  Diagrams  and 
ymboh.    By  Olivbe  Byrnp.    Coloured  Plates.    Crown  8vo,  3s.  6a.  dotk. 
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CARPENTRY,  TIMBER,  eto. 
Tredgold'8  Carpentryf  Mevised  db  Enlarged  hy  Tarn. 

THE  ELEMENTARY  PRINCIPLES  OP  CARPENTRY. 
A  Treatise  on  the  Pressure  and  Eqailibriam  of  Timber  Framinjg.  the  Resist- 
ance of  Timber,  and  the  Construction  of  Floors,  Arches,  Bridges,  Roofs, 
Unitine  Iron  and  Stone  with  Timber,  ftc.  To  which  is  added  an  Basaf 
ofi  the  Nature  and  Properties  oi  Timber,  ftc,  with  Descriptions  of  the  kinds 
of  Wood  used  in  Buildmg ;  also  numerous  Tables  of  the  Scantlings  of  Tim- 
ber for  different  purposes,  the  Specific  Gravities  of  Materials,  &c.  By  Tromas 
Trkdoold,  C.E.  With  an  Appendix  of  Specimens  of  Various  Roots  of  Iron 
and  Stone,  lUustiated.  Seventh  Edition,  tnoroughlv  revised  and  considerably 
enlarged  by  E.  Wyndhau  Tarm,  M.A.,  Author  of  "The  Science  of  Boild- 
ing,"  iu:.  with  6i  Plates,  Portrait  of  the  Aalhor,  and  several  Woodcots.  la 
One  large  Vol.,  4to,  pri^e  £t  5s.  cloth. 

**  Ouffbt  to  t>e  In  every  architect's  and  erery  baHder^  nbrsry.*— Ai«<U«r. 
**  A  wurk  whose  monumeotal  excellence  mutt  commend  U  wherever  tkilful  carpentiy  li 


The  author's  princiules  are  rather  confirmed  tbaa  impaited  by  ttoM.    Tbe  MidHinnSl 
I  are  of  great  intrinsic  ratue."— <ih«^XiMfv  ^fw* 

Woodworking  Machinery. 

WOODWORKING  MACHINERY :  Its  Rise,  Progress,  and 
Construction.  With  Hints  on  the  Management  of  Saw  Mills  and  the  Economi- 
cal Conversion  of  Timber.  Illustrated  with  Examples  of  Recent  Desims  by 
leading  English,  French,  and  American  Engineers.  By  M.  Powis  KAX.Bt 
A.M.Inst.C.E.,  M.I.M.E.  Second  Edition,  Revised,  with  Urge  Additions. 
Large  crown  Svo,  440  pp  ,  9s.  cloth.  [Just  published, 

"  Mr.  Bale  is  evidently  an  expert  on  the  subject  and  he  has  coUected  so  mocn  tnfocmatSMi  that 

Che  t>ook  is  all-suftcient  for  builders  and  others  engair^d  in  the  conver^n  of  timber."— ^rrJWflarr. 
"The  roost  comprehensive  compendium  of  wood-worictng  machineiy  we  have  MSB.    TlM 

author  is  a  tborouj^h  master  of  hb  tablet."— B$iiUin£  Aews. 

Saw  Mills. 

SA  W  MILLS  :  Their  Arrangement  and  Management,  and  the 
Economical  Convei  sion  of  Timber.    (A  Companion  Volume  to  '*  Woodwork- 
ing Machinery.")    By  M.  Powis  Bals.    Crown  8vo,  los.  6d.  cloth. 
"  The  adrntniitratien  of  a  larjjfe  sawtnip  establishment  Is  discussed,  and  the  soblect  examined 
ftora  a  hnancial  standpoint.    Hrnce  the  siie.  shape,  order,  and  di:»position  of  saw-nulls  and  th« 
like  are  gone  into  in  detail,  and  the  course  of  the  timber  is  traced  from  its  reception  to  its  delivery 
<■  its  converted  sute.    We  could  not  desire  a  more  complete  or  practical  treattse.**— ^MtMir. 

Ificholson'8  Carpentry. 

THE  CA  RPENTER*S  NEWG  UIDE ;  or,  Book  of  Lines  for  Car- 
penters ;  comprising  all  the  Elementary  Principles  essential  for  acquiring  a 
knowledge  of  Carpentry.  Founded  on  tne  late  Pktbr  Nicholson's  Standard 
Work.  New  Edition,  Revised  by  A.  Ashpitel,  F.S.A.  With  Practical 
Rules  on  Dralving,  by  G.  Pymb.    With  74  Plates,  4to,  £t  is.  cloth. 

Handrailing  and  Stairhuilding. 

A  PRACTICAL  TREATISE  ON  HANDRAILING  :  Showing 
New  and  Simple  Methods  tor  Finding  the  Pitch  of  the  Plank,  Drawing  the 
Moulds,  Bevelling,  Jointing-up,  and  Squaring  the  Wreath.  By  Gsorgb 
Colli NGS.  Second  Edition,  Revised  and  Enlarged,  to  which  is  added  A 
Trratisb  on  Stairbuilding.    lamo,  23.  6J.  cloth  limp. 

"  Will  be  found  of  practical  utility  In  the  execution  of  this  difficult  branch  of  Joinery. "—J^witerr. 

"  Almo!>t  every  dimcult  phase  oithis  somewhat  intricate  branch  of  joinery  is  ciMCKiated  t>y  the 
ftid  of  plates  and  explanatory  letterpreaa."— «^wrw Ourt  G^M4tt*. 

Circtilar  Work. 

CIRCULAR  WORK  IN  CARPENTRY  AND  JOINERY:  A 

Practical  Treatise  on  Circular  Work  of  Sinzle  and  Double  Curvature.     By 
George  Collings.  With  Diagrams.    Second  Edit.    lamo.  23.  M.  cloth  limp. 
"  An  excellent  example  of  what  a  book  of  this  idnd  should  be.    Cheap  In  prtce.  dear  In  defial- 
tton  and  practical  in  the  ezamplesselected."— ,5Mi/<:^r. 

Hanclrailing, 

HANDRAILING   COMPLETE  IN  EIGHT  LESSONS.     On 
the  Square-Cut  System.    Bv  J.  S.  Goldthorp.  Teacher  of  Geometry  and 
Building  Construction  at  the  Halifax  Mechanic's  Institute.    With  Eight 
Plates  and  over  150  Practical  Exercises.    410,  3s.  fd.  cloth. 
"  L*'kely  to  be  of  considerable  value  to  joiners  and  others  who  take  a  pride  In  good 
«r«  heartily  ammend  t  to  teachers  and  ktudent>."— rfwiVr  Trtuifs  ycurftai. 
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Timber  Merchant's  Companion* 

THE  TIMBER  MERCHANTS  AND  BUILDER'S  COM- 
PANION.  Containing  New  and  Copious  Tables  of  tho  Reduced  Weight  and 
Measurement  of  Deals  and  Battens,  of  all  sixes,  from  One  to  a  Thousand 
Pieces,  and  the  relative  Price  that  each  sise  bears  per  Lineal  Foot  to  ani 

S'ven  Price  per  Petersburg  Standard  Hundred ;  the  Price  per  Cube  Foot  of 
quare  Timber  to  any  given  Price  per  Load  of  50  Feet;  the  proportionate 
Value  of  Deals  and  Battens  bv  the  Standard,  to  Square  Timber  by  the  Load 
of  50  Feet;  the  readiest  mode  of  ascertainmg  the  Price  cf  Scantling  per 
Lineal  Foot  of  any  size,  to  an;]^  given  F^re  per  Cube  Foot,  &c.  &c.  aj 
William  Dowsing.  Fourth  Edition,  Revised  and  Corrected.  Cr.  8vo,  ss.  of. 
"  Everything  is  as  concise  nnd  clear  as  it  can  possibly  l>e  made.  Utere  can  be  no  doubt  that 
•very  timber  merchant  and  builder  ought  to  possess  it."— I/tti/  Advtrliser. 

"  We  are  glad  to  see  a  fourth  eUition  of  these  admirable  tables,  which  for  corrcctnesi  aad 
simplicity  of  arrangement  leave  nothing  to  be  desired."— TVnwAcr  Tradtt  yourruU, 

JPractic€U  Timber  Merchant* 

THE  PRACTICAL  TIMBER  MERCHANT,    Being  a  Gnide 

for  the  use  of  Building  Contractors,  Surveyors,  Builders,  &c.,  comprising 
useful  Tables  for  all  purposes  connected  with  the  Timber  Trade,  Marks  of 
Wood,  Essay  on  the  Strength  of  Timber,  Remarks  on  the  Growth  of  TimbeTi 
&c.    By  W.  Richardson.    Second  Edition.    Fcap.  8vo,  3s.  6d.  cloth. 
"This  handy  manual  contains  much  valuable  information  for  tbm  use  ot  timber  merchmntSf 

boDders.  foresters,  and  all  others  connected  with  the  growth,  sale,  and  miniifacture  of  timber."^ 

younuU  of  Forestry, 

Backing-Case  Makers^  Tables  for. 

PACKING-CASE  TABLES ;   showing  the  number  of  Super- 
ficial  Feet  in  Boxes  or  Packing-Cases,  from  six  inches  square  and  upwards* 
By  W.  Richardson,  Timber  Broker.    Third  Edition.    Oblong  4to,  3s.  64.  d*. 
"Invaluable  labour-saving  tables." — tronmomtr, 
"Will  save  much  labour  and  calculation."— Crvctr. 

Superficial  Measurement, 

THE    TRADESMAN'S  GUIDE  TO  SUPERFICIAL  MBA- 

SUREMENT.    Tables  calculated  from  i  to  200  inches  in  length,  by  x  to  xo8 

inches  in  breadth.    For  the  use  of  Architects,  Surveyors,  Engineers,  Timber 

Merchants,  Builders,  &c.     By  James  Hawumqs.    Fourth  ttdition.    Fcap., 

35.  6d.  cloth. 

"  A  useful  collection  of  tables  to  facilitate  rapid  calculation  of  surfoces.  The  exact  area  of  any 

surface  of  which  the  limits  have  been  ascertained  can  be  instantly  determined.    The  book  will  b« 

found  of  the  greatest  utility  to  aJl  engaged  in  building  operations. " — SevtsmaM. 

"  These  ubles  will  be  found  of  i^reat  assistance  to  all  who  require  to  make  calculations  In  supe* 
ficial  taKasuremttit."—£fi£^uh  Mechanic. 

Forestry. 

THE  ELEMENTS  OP  FORESTRY.  Designed  to  aflford  In- 
formation  concerning  the  Planting  and  Care  of  Forest  Trees  for  Ornament  or 
Profit,  with  Suggestions  upon  the  Creation  and  Care  of  Woodlands.  By  F.B. 
HouQH.    Large  crown  8vo,  los.  cloth. 

Timrber  Importer's  Guide* 

THE  TIMBER  IMPORTER 'S.  TIMBER  MERCHANT'S,  AND 
BUILDER'S  STANDARD  GUIDE.  By  Richard  E.  Grandy.  Compris- 
ing an  Analysis  of  Deal  Standards,  Home  and  Foreign,  with  Comparativt 
Values  and  Tabular  Arrangements  for  fixing  Net  Lsmaed  Cost  on  Baltic 
and  North  American  Deals,  including  all  intermediate  Expenses,  Freight, 
Insurance,  &c.  &c.  Together  with  copious  Information  for  the  Retailer  and 
Builder.  Third  Edition,  Revised,  iimo,  ss.  cloth  limp. 
-     "  Everything  It  pretends  to  be :  built  up  gradually,  it  leads  one  from  a  forest  to  a  treenail.  an<i 

throws  in,  as  a  inakeweight,  a  host  of  material  concerning  bricks,  columns,  cisterns,  SiQ,"—/:»i'/is^ 

Uechanic. 
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DECOBATIVS  ARTS,  eta. 

Woods  and  Marbles  (Imitation  of), 

SCHOOL  OP  PAINTING  FOR  THE  IMITATION  OP  WOODS 
AND  UARBLRS.ts  Tiiighi  ind  Pr»eii«d  t<r  A.  R.  V*h  dib  BouiaiidP. 

Vad  Dim  Buia.  Diieclors  of  fae  Rollerdmni  Fainliog  InKitucion.  Ronl  IbUo, 
iSi  br  itt  Id..  IIJdilratHt  wltb  14  foll-tiiD  CoLonred  Ptilei;  al*o  11  ptuB 
PUtei,compriuDgis4F;gai«.  Secoodud Cheaper Bdiboo,  Piicafi  lU-Oit, 
Lot  oj  Plain 


WnJl  Paper. 

WALL  PAPER  DECORATION.  By  Arthdr  Sevmodr 
JE^Kl^■GS.  Amhot  of  "PficllMl  P.pet  Hanging.''  Wiih  nnmerouj  lUu.lra- 
,iops.    UeraySvo  [/n /r,pa,fl,,B,, 

House  Decoration, 

ELEMENTARY   DECORATION.    A  Guide  to  Ibe  Simpler 

Formi  of  Everyday  Art.  Togeilier  wUh  PRACTICAL  HOUSE  DECORA- 
TION. By  UvEs  W.  Picm.  Wilh  numetoui  Illuslraiion*.  to  One  Vol.. 
31.  eUCDely  Daliboaod 

fiouse  Painting,  Graining,  etc, 

HOUSE  PAINTING,  GRAINING,  MARBLING,  AND  SIGN 

ll^/!/r/.yG,  A  PjaclicalManLalof,    By  ELLts  A.D*viD80ir.    Siilh  Bditioo 


Vitb  ColujrE, 


Moyr  Smith  on  Interior  Decoration, 

ORNAMENTAL   INTERIORS.  ANCIENT  AND  MODERN. 


DECORATIVE  ARTS,  $U.  31 


British  and  Foreign  Marbles. 

MARBLE  DECORATION  and  the  Tivminology  of  British  and 
Foreign  Marbles.  A  Handbook  for  Students.  By  Gborgb  H.  Blagrovb, 
Author  of  "  Shoring  and  tta  Application,"  &c.  With  a8  Illustrations.  Crown 
6vo,  ss.  6d.  cloth. 

"  This  most  useful  and  much  wanted  handbook  should  b«  in  the  hands  of  every  aKhltect  and 
^wlder." -^Buu'Jin^  U'o rid. 

'*  A  carefuQy  and  user,illy  written  treatise ;  the  work  is  essentially  itrtkCdcal  "Scotsman 

Marble  Working^  etc. 

MARBLE  AND   MARBLE   WORKERS:   A  Handbook  for 

Architects,  Artists,  Masons,  and  Students.    Bv  Arthur  Lkb,  Author  of  "  A 

Visit  to  Carrara,"  •'  The  Working  of  Marble,"  Ac.  Small  crown  8vo,  m.  cloth, 

"  A  really  valuable  addition  to  the  technical  literature  of  architects  and  masons.  "—BuiUUng 

Hews. 

DELAMOTTE'S  WORKS  ON  ILLUMINATION  AND  ALPHABETS. 


A  PRIMER  OP  THE  ART  OP  ILLUMINATION,  for  the  Use  of 
Beginners :  with  a  Rudimentary  Treatise  on  the  Art,  Practical  Directions  for 
its  £xercisc,  and  Examples  taken  from  Illuminated  MSS.,  printed  in  Gold  and 
Colours.  By  F.  Delam ottb.  New  and  Cheaper  Bditioo.  Small  4to,  6s.  orna- 
mental boards. 
"  The  examples  of  aadent  MSS.  recommended  to  the  student,  which,  with  much  rood  senses 

llie  author  chooses  froui  collections  acce^Ule  to  all,  are  selected  with  tudffaMnt  and  knowtedgv, 

as  well  as  UsiA."'—AeJuMau*n. 

ORNAMENTAL  ALPHABETS,  Ancient  and  Mediaval,  from  the 
Eighth  Century,  with  Numerals;  including  Gothic,  Church-Tezt,  large  and 
small,  German,  Italian,  Arabesque,  Initials  for  Illumination,  Monograms, 
Crosses,  &c.  &c.,  for  the  use  of  Architectural  and  Eneineering  Draughtsmen 
Missal  Painters,  Masons,  Decorative  Painters,  Lithographers,  Engravers 
Carvers,  tec.  &c.  Collected  and  Engraved  bv  F.  Dblamottb,  and  printed  in 
Colours.  New  and  Cheaper  Edition.  Royal  8vo,  oblong,  as.  6d,  ornamental 
boards. 
"  For  those  who  Insert  enameSed  sentences  round  gilded  chaBces,  who  blazon  shop  legends  ovee 

ghop-doors,  who  letter  church  walls  with  piUiy  sentences  firom  the  Decalogue^  this  book  will  be  use* 

EXAMPLES  OP  MODERN  ALPHABETS,  Plain  and  Ornamental; 
including  German,  Old  English,  Saxon,  Italic,  Perspective,  Greek,  Hebrew, 
Court  Hand,  En^ossing,  Tuscan,  Riband,  Gothic,  Rustic,  and  Arabesque; 
with  several  Original  Designs,  and  an  Analysis  of  the  Roman  and  Old  Englisb 
Alphabets,  large  and  small,  and  Numerals,  for  the  use  of  Draughtsmen,  Sur- 
veyors, Masons,  Decorative  Painters,  Lithographers,  Engravers,  Carvers,  &c. 
Collected  and  Engraved  by  F.  Dblamottb,  and  printed  in  Colours.  New 
and  Cheaper  Edition.    Royal  8vo,  oblong,  «.  6d.  ornamental  boards. 

"There  Is  comprised  in  It  erery  possible  shape  into  which  the  letters  of  the  alphabet  and 
Bumerals  can  be  formed,  and  the  talent  which  has  been  expended  in  the  conception  of  the  Tarioua 
plain  and  ornamental  letters  is  wonderful.'  Standard, 

MEDIMVAL  ALPHABETS  AND  INITIALS  FOR  ILLUMI^ 
NATORS.  By  F.  G.  Delavottb.  Containing  tt  Plates  and  Illuminated 
Title,  printed  in  Gold  and  Colours.  With  an  Introduction  by  I.  Willis 
Brooks.    Fourth  and  Cheaper  Edition.    Small  410,  4s.  ornamental  boards. 

"  A  volume  In  which  the  letters  of  the  alphabet  come  forth  glorified  in  gikiing  andall  the  colours 
•f  the  prism  interwoven  and  intertwined  anu  intermingled."— oMn. 

THE  EMBROIDERER'S  BOOK  OP  DESIGN.  Containing 
Initials,  Emblems,  Cyphers,  Monograms,  Ornamental  Borders,  Ecclesiastical 
Devices,  Mediaeval  and  Modern  Alphabets,  and  National  Emblems.  Col- 
lected by  F.  Dblamottb,  and  printed  in  Colourt.  Oblong  royal  8vo,  is.  6d, 
ornamental  wrapper. 
"  The  l)ook  win  be  of  great  assistance  to  ladles  and  vonng  children  who  are  endowed  with  the 

Alt  of  plying  the  needle  in  this  most  ornamental  and  useful  pretty  motk."— Ernst  Anglian  rttrus. 


Wood  Carving. 

INSTRUCTIONS  IN  WOOD-CARVING,  for  Amateurs;  with 
Hints  on  Design.  By  A  Lady.  With  Ten  Plates.  New  and  Cheaper  Edition. 
Crown  8vo,  «.  in  emblematic  wrapper. 

"  The  handicraft  of  the  wood-carver,  so  well  as  a  book  can   mpait  It,  may  l>«  learnt  from  '  A 
Lady's'  publication.'  —wl/ArntfMMf. 
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NATURAL  SCIENCE,  etc 

The  Heavens  and  their  Origin* 

THE  VISIBLE  UNIVERSE:  Chapters  on  the  Origin  and 
Construction  of  the  Heavens.  By  J.  E.  Gore,  F.R.A.S.  lUnstrated  by  6 
Stellar  Photographs  and  12  Plates,    evo,  i6s.  cloth. 

"  A  valual>le  and  lucid  'Sunini.iry  of  recent  astronomical  theory,  rendered  mors  valuable  aiul 
■ttrartive  by  a  series  of  stellar  photoifraphs  and  other  illustrations." — 7"Ar  rimes. 

"  In  prrMrntinK  a  clear  a:ul  conose  account  of  the  present  state  of  our  knowledge,  Mr.  Goaa 
has  maii«  a  valuable  addition  to  the  literature  of  the  subject." — Aarnrf. 

"  As  mterestmi;  as  a  nov^l.  and  insiructiTe  withal ;  the  'ext  being  made  still  more  htminous  by 
Stellar  pliototfrapht  and  other  illustrations.    .    .    .  A  most  valual>le  btxtk." — MtM>  )usUr  Ejcafmtnti^ 

"  One  of  the  t'.nest  works  on  astronomical  science  that  has  recently  appeared  in  oar  lancuaipe. 
Ltcds  Mtmtry. 

The  ConsteUations* 

STAR  GROUPS:  A  Students  Guide  to  th$  ConsUllaHons.  By 
J.  Ellakd  Gore,  F.R.A.S.,  M.R.I.A.,  &c.,Aatbor  of  "  The  Visiblc|Univer«e," 
"  The  Scenery  of  the  Heavens."  With  30  Maps.  Small  4to,  55.  cloth,  silvered. 

"  A  knowledge  of  the  prirtcipal  constellatif  ns  Waible  in  our  latitudes  may  be  easi^  acquired 
from  the  thirty  maps  and  accompanying;  text  contained  in  this  work."— A'a/Mnr 

"The  volume  contains  thirty  maps  showing  stars  of  the  sixth  magnitude — the  usnal  iutked-«y« 
limit- and  each  is  accompanied  by  a  brief  commentary,  adapted  to  facilitate  recopiition  and  bring 
to  notice  objects  of  special  interest.  For  the  purpose  of  a  preliniinary  survey  of  the  '  midnight  po«np* 
of  the  heavens,  nothing  could  he  l>etter  than  a  set  of  delineations  avenging  scarcely  twenty  squazv 
inches  in  area,  and  including  nothing  that  camiot  at  once  be  identified." — Sahtrdmy  Revicm, 

"  A  very  compact  and  bandy  gmde  to  the  corutelUUons. "—Athenaeutm. 

Astronomical  Terms* 

AN  ASTRONOMICAL  GLOSSARY;  or,  Dictionary  of  Terms 
used  in  Astronomy.  With  Tables  of  Data  and  Lists  of  Remarkable  and 
Interesting  Celestial  Objects.  By  J.  Ellard  Gorb,  F.R.A.S.,  Aaibor  of 
"  The  Visible  Universe, "  &c.    Small  crown  8vo,  as.  6d.  cloth. 

"  A  very  useful  little  work  fur  beginners  in  astronomy,  and  not  to  be  despised  by  more  ad) 
Tanced  students."— 7  A*  Times. 

"  Astronomers  of  all  kinds  will  be  glad  to  hare  it  for  tmierencn."— Guardian. 

The  Microscope, 

THE  MICROSCOPE :  Its  Construction  and  Management,  in- 

eluding  Technique,  Photo-micrography,  and  the  Past  and  Futore  of  th« 
Microscope.  By  Dr.  Henri  van  Heurck.  Re-Edited  and  Augmented  from 
the  Fourth  French  Edition,  and  Translated  by  Wynne  E.  Baxter,  F.G.S. 
400  pages,  with  upwards  of  250  Woodcuts.    Imp.  8vo,  i8s.  cloth. 

••  A  tr.<n<Jation  of  a  well  known  work,  at  once  popular  and  comprehensive."— 7'ufW.r. 

"  The  translation  is  as  felicitious  as  it  is  accurate."— A'o/Mrr. 

TJie  3HcroscoDe» 

PHOTO-MICROGRAPHY.  By  Dr.  H.  van  Hkurck.  Extracted 
from  the  above  Work.    Royal  bvo,  with  Illustrations,  is.  sewed. 

Astronomy. 

ASTRONOMY,      By    the    late    Rev.  Robert  Main,  F.R.Sw 

Third  Edition,  Revised,  by  Wm.  T.  Lynn,  B.A.,  F.R.A.S.,    xsmo,  as.  cloth* 
"  A  sound  and  simple  treatise,  anid  a  capital  book  for  btgisxaett."— iCn^wit^f*' 

Hecent  and  Fossil  Shells. 

A  MANUAL  OP  THE  MOLLUSC  A  :  Being  a  Treatise  on  Recent 
and  Fossil  Shrlls.  By  S.  P.  Woodward,  A.L.S..  F.G.S.  With  an  Appendix 
on  Recent  and  Fossil  Conchological  Discoveries,  by  Ralph  Tatk,  A.L.S,^ 
F.G.S.  With  aj  Plates  and  upwards  of  300  Woodcuts.  Reprint  of  Fourth 
Edition,  1880.  Crown  8vo,  ys.  6d.  cloth. 
**  A  most  valuable  storehottse  of  conchological  and  KMloclcal  Infonnatloo.*'— «Sn«M«r  G0ss0, 

Geology  and  Genesis. 

THE   TWIN  RECORDS  OP  CREATION:    or,   Geology   and 
Genesis :  their  Perfect  Harmony  and    Wonderful  Concord.    By  Gbokqx  W» 
Victor  lb  Vaux.    Fcap.  8vo,  55.  cloth. 

••  A  valuable  contribution  to  the  evidences  of  Revdadon,  and  disposes  very  concltultelf  of  tlM 
arguments  of  those  who  would  set  God's  Works  against  God  s  Wofd.  No  real  difficulty  b  ihlrtio# 
and  no  sophistry  is  IcA  unexposed.'— 7"A#  RficM. 

Geology. 

RUDIMENTARY  TREATISE  ON  GEOLOGY,  PHYSICAL 
ASD  HISTORICAL.  With  especial  reference  to  the  British  series  of 
Rocks.    By  R.  Tate,  F.G.S.   With  230  Illustrations.   lamo,  js.  cloth  bosrdv 
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DR.  LARDNER'8  COURSE  OF  NATURAL  PHILOSOPHY. 


HANDBOOK  OP  MECHANICS.     Re- written  and  Enlarged  by 

B.  LoBWY,  F.R.A.S.    Post  8vo,  65.  cloth. 

"  Mr.  Loewy  hu  au«ftilly  revised  tlM  book,  and  brooKbt  tt  np  to  modem  nqulMBMOti."— 
f/ati»rt. 

HANDBOOK  OF  HYDROSTATICS  cS*  PNEUMATICS.  Enlarged 

by  B.  LoswY,  F.R.A.S.    Post  8vo,  5s.  cloth. 

"For  thoM  'who  desire  to  attain  an  accurate  knowledgv  of  phjrtlcal  idence  vtthont  die  pfo* 
found  methods  of  mathematical  Investigatioa,'  this  work  b  well  maaptmA."— Chemical  Ntws, 

HANDBOOK  OP  HEAT,    Edited  and  almost  entirely  Re-written 

by  BsNjAifiM  LoBWT,  F.R.A.S.,  &c.    Post  8vo.  6s.  cloth. 

"The  style  is  always  dear  and  precise,  and  conreys  Instructioo  without  leaving  any  clondin«f 
or  lurking  doubts  h«ibiaA."—£n£in4*riH£. 

HANDBOOK  OP  OPTICS.    By  Dr.  Lardnbr.     Edited  by  T.  O. 
Harding,  B.A.    Post  8vo,  55.  cloth. 
"  Written  by  an  able  scientific  writer  and  beautifully  illustrated."— J/*^Aa«/f'j  Maffazint. 

HANDBOOK  OP  ELECTRICITY  AND  MAGNETISM.    By  Dr. 

Lardnbr.    Edited  by  G.  C.  Foster,  B.A.    Post  8vo,  54.  cloth. 

**  The  book  could  not  hare  been  entrusted  to  anyone  better  calculated  to  preserre  the  tone  and 
lucid  style  of  Ijudsaei."— Popular  Seitnc*  Revitw. 

HANDBOOK   OP    ASTRONOMY.      By  Dr.  Lardnbr.     Fourth 
Edition  by  E.  Dunkin,  F.R.A.S.    Post  8vo,  9s.  6d.  cloth. 

'*  ProtMibiy  no  other  book  contains  the  same  amount  of  information  in  so  compendious  and  weO> 
arranged  a  form— certainly  none  at  the  price  at  which  this  is  offered  to  the  putMc."— A iherunttH, 

"We  can  do  no  other  than  pronounce  this  work  a  most  valuable  maniial  of  astronomy,  and  we 
■traQgiy  recommend  it  to  all  who  wish  to  acquire  a  general— but  at  the  nme  time  correct  argnainU 
anca  wtth  this  sublime  science."— <?M«r«rr<r  youmal  ^  Scitiut. 


OR,  LARDNER'S  MUSEUM  OF  SCIENCE  AND  ARL 


THE     MUSEUM    OP     SCIENCE    AND     ART,      Edited    Dv 

Dr.  Lardnbr.  With  upwards  of  i.aoo  Engravings  on  Wood.  In  6  Donbfe 
Volumes,  £1  is.  in  a  new  and  elegant  cloth  binding ;  or  handsomely  bound  in 
half-morocco,  31s.  6d. 

"  A  cheap  and  interesting  publication,  alike  Informing  and  attractlTa.  The  papen  combine 
■Directs  of  Importance  and  great  scientific  knowledge,  consideralile  inductive  powers,  and  a 
popular  style  of  treatment."— ^^cteAw. 

The  'Museum of  Science  and  Art'  Is  the  most  valuable  contribution  that  has  ever  been 
made  to  the  Scientific  Instruction  of  every  class  of  sodety."— Sir  David  Brbwstbx,  Id  the 
Ntrlh  British  Rtvitw. 

*«*  Separate  books  formed  from  the  above,  fully  Illustrated,  suitable  for 
Workmen's  Librarte*,  Science  Classes,  etc. 


Common  Thing*  Baoplained.    55. 
Tho  Mieroteope,    25.  cloth. 
Popular  neology,    2s.  6d.  cloth. 
Popular  Phyaios,   2s.  6d,  cloth. 


Steam  and  its  Usee,    u.  cloth. 
Popular  Astronomy,    4<.&<.cloth. 
The  Bee  and  White  Ants,  as.clotb. 
The  Eleetrie  Telegraph,    is. 


Dr.  Lardner'a  School  Handbooks. 

NATURAL  PHILOSOPHY  FOR  SCHOOLS.    Fcap.  8vo.  35. 6d 

"Avery  convenient  class-book  for  Junior  students  in  private  schools."— VHMr A  QumHtrty 
Review, 

ANIMAL  PHYSIOLOGY  POR  SCHOOLS.    Fcap.  8vo,  3*.  6d. 

"Clearly  written,  well  arranged,  and  excellently  illustrated."— ^nfoMr'f  Ckt^mifh, 

THE   ELECTRIC  TELEGRAPH,     By   Dr.   Lardnbr.      Re- 
vised by  B.  B.  Bright.  F.R.A.S.    Fcap.  8vo,  zs.  6d.  cloth. 
*'  One  of  the  most  readable  books  estant  on  the  Electric  Telegraph."— ^Mir'if A  Mechanic. 
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CHEMICAL  MANUFACTUBB8,  OBOBMISTBYr" 

Chemistry  far  Engineers,  eie* 

ENGINEERING  CHEMISTRY:  A  Practical  Treatise  for  the 
Use  of  Analytical  Chemists,  Eoein^rs.  Iroo  Hasten,  Iron  Fonnden, 
Students,  and  others.  Comprising  Methoas  of  Analy^  and  Valuation  of  tba 
Principal  Materials  used  in  Engmeering  Work,  with  numerous  Analysaii 
Examples,  and  Suggestions.  By  H.  Joshua  Phixxips,  P.LC,  P.CS. 
formerly  Analytical  and  Consulting  Chemist  to  the  Great  Eastern  Railway. 
Second  Edition,  Revised  and  Enlarged.  Crown  8vo,  400  pp.,  with  Illnstr»> 
tlons,  los.  6ti.  cloth.  (jv^  publishsd, 

"  In  this  work  the  author  has  rendered  no  small  tcrrlce  to  a  numerons  body  of  pcacdcil  onb. 

t    .    .    The  aiialvtical  methods  may  be  pronounced  most  satislactocy.  heiag  as  accurate  as  tha 

dsspatch  required  of  enij^ineeriiuf  chemists  perauti.''—Ckemumi  Afews. 

"  The  buolc  will  be  very  useful  to  those  who  require  a  handy  and  coodse  rttume  ill  apfoyd 

■MChods  of  anah&ini;  and  valuing  metals,  oils,  fuels,  Ac    It  U. In  fact,  a  work  for  chemists,  a  gidda 

to  the  routine  ol  the  engineering  laboratory.    .    .    .    The  book  to  full  of  good  tUngi.    As  a  bad* 

book  of  technical  analysis,  it  is  very  welcome."— J?Mt/dJ^. 

"  The  analytical  methods  given  are,  as  a  whole,  such  as  are  likdy  to  give  npid  and  tms^ 

worthy  resultii  fn  experienced  hands.    There  is  much  excellent  descriptive  matter  in  the  work,  the 

chapter  on  '  Oih  and  Lubrication '  being  specially  notkeable  In  this  nsptct.''—£H£iMser. 

Explosives  ami  Dangerous  Goods. 

DANGEROUS  GOODS  :  Their  Sourcesand  Properties,  Modes 
of  Storage,  and  Transport.  With  Notes  and  Comments  on  Accidents  aris- 
ing therefrom,  together  with  the  Government  and  Railway  Classifications, 
Acts  of  Parliament,  &c.  A  Guide  for  the  use  of  Government  and  Railway 
Officials,  Steamship  Owners,  Insurance  Companies  and  Manufisctorers  and 
users  of  Explosives  and  Dangerous  Goods.  Bv  U.Joshua  Priixips,  F.l.C, 
F.C.S.,  Author  of  "Engineering  Chemistry,  Ac."  Crown  8vo,  350  pp.,  gs. 
cloth.  O****  ready, 

AUccUi  Trade,  Manufacture  of  Sulphuric  Acid,  etc, 

A    MANUAL    OF    THE    ALKALI    TRADE,   including  the 
Manufacture  of  Sulphuric  Acid,  Sulphate  of  Soda,  and  Bleaching  Powder. 
By  John  Lomas,  Alkali  Manufacturer,  Newcastle-npon-Tvne  and  London. 
With  23a  Illustrations  and  Working  Drawings,  and  containing  390  pages  ol 
Text.    Second  Edition,  with  Additions.    Super-royal  8vo,  £1  los.  cloth. 
Thu  book  Is  written  by  a  manufacturer  for  mannfacturew.    The  working  detaUi  of  the  nust 
appioved  form*  of  apparatus  are  given,  and  these  are  accompanied  by  no  teas  than  asa  wood  «•■ 
navlngs.  all  of  whicn  may  be  used  for  the  purpocet  of  constructioo.    Every  step  in  the  mana- 
lacture  is  very  fully  described  in  this  manual,  and  each  improvement  explained."— Jf/Atfi«tf«i»t. 

The  Blowpipe, 

THE  BLOWPIPE  IN  CHEMISTRY,  MINERALOGY,  AND 

GEOLOGY.  Containing  all  known  Methods  of  Anhydrous  Analysis,  xnanf 
Working  Examples,  andf  Instructions  for  Making  Appaxatas.  By  Lient.- 
Colonel  W.  A.  Ross,  R.A.,  F.G.S.  With  xio  Illustrations.  Second  Bdidon, 
Revised  and  Enlarged.    Crown  8vo,  51.  cloth. 

"The  student  who  goes  through  the  course  ol  experfaneotstteo  ban  laid  do>wii  will  gala 
a  better  insight  into  inorgisnic  chemistry  and  mineralogy  than  if  be  had  'got  op'  any  of  the  b«t 
taxt-books,  and  passed  any  number  of  examinations  In  their  contants."— CAMstfoa/ JVnu. 

€knnniercial  (Jhetnical  AnaUysis. 

THE  COMMERCIAL  HANDBOOK  OP  CHEMICAL  ANA- 

LYSIS;  or,  Practical  Instructions  for  the  determination  of  the  Intrinsic  or 
Commercial  Value  of  Substances  used  in  Manufactures,  in  Trades,  and  la 
the  Arts.  By  A.  Normakdy.  New  Edition,  by  H.M.  NoAO,F.R.S.  Crown 
8vo,  las.  6d.  cloth. 

*'  We  strongly  recommend  this  book  to  our  readers  as  a  gidde,  alike  indispensable  to  tha 
ousewife  as  to  the  pharmaceutical  practitioner."— A/«(fica/  rimut. 

Dye-'Wares  and  Colours, 

THE  MANUAL  OF  COLOURS  AND  DYE-WARES :  Their 
Properties,  Applicatious.Valuations,  Impurities,  and  Sophistications.  For  the 
ose  of  Dyers,  Printers,  Drysalters,  Brokers,  Ac.    By  J.  W.  Si^tbr.    Second 
Edition,  Revised  and  greatly  Enlarged.    Crown  8vo,  7*'  &<•  cloth- 
•*  A  complete  encyclopaedia  of  the  matiHa  tlHctoria.    The  lafonnatioa  ghren  raapecHoc  eeck 

aitlde  la  full  and  precise,  and  the  methods  of  determining  their  vahie  an  given  wtth  rif  riwai. 

and  an  ptactkal  aa  weU  aa  vahMt>le."~CA0MM«iMf /TrttfjrM; 
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Modem  Breudng  and  Malting, 

A  HANDY  BOOK  FOR  BREWERS:  Being  a  Practical  Guide 

to  the  Art  of  Brewing  and  Malting.    Embracing  the  Conclusions  of  Modem 

Research  which  bear  upon  the  Practice  of  Brewing.   By  Herbbrt  Edwards 

Wright.  M.A.    Crown  8vo,  mo  pp.,  its.  td.  cloth. 

"  May  be  consiilted  with  adrantaee  Dy  the  student  who  is  preparing  himself  for  exambutloaal 
tHts,  whue  the  scientific  brewer  will  nnd  m  it  a  resume  of  all  the  most  important  discoveries  d 
modem  times.  The  work  is  written  throughout  in  a  clear  and  concise  manner,  and  the  author  takea 
great  care  to  discriminate  between  vague  theories  and  well-established  facts."— ^nrB«rr'7(M«nMtA 

"We  have  great  pleasure  in  recommending  this  handybook,  and  have  no  hesttation  fai 
saying  that  It  is  one  of  the  best— if  not  the  best— which  has  yet  been  written  on  the  subject  ci 
beer-brewhig  in  this  country,  and  it  should  have  a  place  on  the  shelves  of  every  brewer's  Ubrary." 
—The  Brewer's  Guardutn. 

"  Although  the  requirements  of  the  student  are  primarily  considered,  an  acquaintance  of  half- 
•n-houfs  duration  cannot  fall  to  impress  the  practical  brewer  virith  the  sense  of  having  found  a 
trustworthy  guide  and  practical  counsellor  in  brewery  matters."— CA^mtira/  Trade  y^umal. 

Analysis  and  Valuation  of  Fuels. 

FUELS:  SOLID,  LIQUID,  AND  GASEOUS,  Their  Analysis 
and  Valuation.  For  the  Use  of  Chemists  and  Engineers.  By  H.  J.  Phillips, 
F.C.S.,  formerly  Analytical  and  Consulting  Chemist  to  the  Great  Eastern 
Railway.    Second  Edition,  Revised  and  Enlarged.    Crown  8vo,  5s.  cloth. 

**  Ought  to  have  its  place  in  the  laboratory  of  every  metallurgical  establishment,  and  whererw 
hMl  b  used  on  a  large  scale."— CA/««£ra/  News. 

"  Cannot  fail  to  oe  of  wide  interest,  especially  at  the  present  tlma."— Jba^/way  News, 

Pigments. 

THE  ARTIST'S  MANUAL  OF  PIGMENTS.  Showing 
their  Composition,  Conditions  of  Permanency,  N on- Permanency,  and  Adul- 
terations; Effects  in  Combination  with  Each  Other  and  with  Vehicles ,  and 
the  most  Reliable  Tests  of  Purity  Together  with  the  Science  and  Art 
Department's  Examination  Questions  on  Painting.  By  H.  C.  Standaob. 
Se«>nd  Edition.    Crown  8vo,  is.  6d.  cloth. 

"  This  work  is  indeed  muUum-{H-/arxro,ma.d  we  can,  with  good  conscience,  recommend  It  to 
aO  who  come  In  conuct  with  pigments,  whether  as  makers,  dealers  or  users."— CA^m^os/  RevUm, 

Gauging.    Tables  and  Rules  for  Revenue  OfflcerSf 

A  POCKET  BOOK  OF  MENSURATION  AND  GAUGING  : 
Containing  Tables,  Rules  and  Memoranda  for  Revenue  Officers,  Brewers, 
Spirit  Merchants,  &c.  By  J.  B.  Mamt  (Inland  Revenue).  Second  Edition, 
Revised.    i8mo,  4s.  leather. 

'  This  handy  and  useful  book  Is  adapted  to  the  requirements  of  the  Inland  Revenue  Depart* 
,  and  will  be  a  favourite  book  of  reference."— Ciivi/teN. 
"  Should  be  in  the  hands  of  every  practical  btvwce."-'Brewers'  youmml. 


INDUSTRIAL  ARTS,  TRADES,  AND  MANUFACTURES. 

Cotton  Spinning. 

COTTON  MANUFACTURE:  A  Manual  of  Practical  Instruc 
tion  in  the  Processes  of  Opening,  Carding,  Combing,  Drawing,  Doubling 
and  Spinning  of  Cotton,  the  Methods  of  Dyeing,  &c.  For  the  Use  of  Opera- 
tives, Overlookers  and  Manufacturers.  By  John  Lister,  Tectmical  In- 
structor, Pendleton.  8vo,  7$.  6d.  cloth.  U^t  pvblished. 
"This  invaluable  volume  is  a  distinct  advance  in  the  literature  of  cotton  manufacture." — 
Machitury. 

"  It  is.  thorounhly  reliable,  fulfilling  nearly  all  the  requirements  desired."— C/<»j^<m'  Herald. 

Flour  Manufacture.  MiUingf  etc. 

FLOUR  MANUFACTURE :  A  Treatise  on  Milling  Science 
and  Practice.    Bv  Fribdrich  Kick,  Imperial  Regieningsrath,  Professor  of 
Mechanical    Technology  in    the  Imperial  German  Polytechnic   Institute, 
Prague.    Translated  from  the  Second  Enlarged  and  Revised  Edition  with 
Supplement.     By  H.  H.  P.  Powlss,  A.-M.Inst.C.E.    Nearly  400  pp.     Illus- 
trated with  28  Folding  Plates,  and  1G7  Woodcuts.    Royal  8vo,  asi.  cloth. 
"  This  valuable  work  1&,  and  will  remain,  the  standard  authority  on  the  science  of  mlUlng.    .     . 
The  miller  who  has  read  and  digested  this  work  will  have  laid  the  foundation,  so  to  spcaJr,  of  a  lOC- 
ceaifal  career ;  he  will  have  acquired  a  number  of  general  principles  which  he  can  proceed  to 
apply.    In  this  handsome  volume  we  at  last  have  the  accepted  text-book  of  modem  mlUmc  In  good* 
■oond  English,  which  has  little.  If  any,  trace  of  the  German  idiom."—  TMe  Miikr. 

"  The  appearance  of  this  celebtrnted  work  In  Ensiish  is  very  opportune,  and  British  millert 
win.  ws  are  me.  not  be  slow  In  availiac  thomwlvea  of  Its  pac«s.'^--JriM<(rf'  GeuttU, 
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AagluUnanta. 

CEMENTS.  PASTES.  GLUES  AND  GUMS:  A  Practioa 
Galde  id  lb«  Minubctaio  >iid  Applintlan  of  tba  nriou  AeKlatlnuiti  (•■ 
~"     id.WorklOK  Md  tMHwr-Worfc- 


nking. 

IRT  OP  SO. 

Imta/ Htr4ttmdSeltSo»H.ToatlSoaH,tlt.  laolodlumur  !)•■ 
i.uda  Ctwpter  on  tbaRaeoMnal  Ghoarina  from  VrMta  Lm 
iHD»  WtTT.    Pattith  Ration,  ^wwiL  Crew  Bro,  jt.  U,  tiWk 


Soap-making. 

THE  ART  OP  SOAP-UAKIUG:  A  PrttUat  Hmmibooh  of  Ot 
~'         ~   •ttSoaf.lc.   laolodlumur !)•■ 


Paper  Making, 

PRACTICAL  PAPER-MA  KING :  A  Manual  for  Paper-mikm 

ud  Ownen  ind  Minagen  of  Papar-Ullli.  Wllh  TablBL  CalcuUtlaaL  Ac 
B*  G.  Claffbrton.  Paper-malUT.  WItb  lUiutntloni  of  Flbns  from  llkn- 
rtotogr»ph>.    Crown  SvD.ji.  ololh,  _ius„j  C7"t»#iiMu*iA 

Paper  JUaking. 

THE  ART  OF  PAPER  MAKING  :  A  Practiail  Hanibooh  of  0a 

Uanm/aclHrit/  Paper  from  Ragi,  Esparto,  Straw,  and  elker  Pibramt  Uatiitk, 
Including  Ihs  Manufacmra  of  Pulp  from  Wood  Fibio,  with  «  DaKriptlnoll 
Ihs  Uachinerv  and  ApplUnU)  osod.  To  wblcta  tit  added  DauUt  e( 
Proccufl]  (or  RacDverlaitSadB  from  Wut«  Llqoon.  B;  \lk»i(i>im  W*tt, 
Aulborof  "Tha  ArlDt  Soap-MaUng"  WlthlUnau.  Ciomi  8vo,  71.  U.  doth. 

Leather  Manufacture. 

THE    ART    OP    LEATHER    MANUPACTURS,      Bdos   ■ 

PruiEca]  Handbook,  io  wbicb  lbs  OpcntiODi  of  TaunliiB,  CDrryist  ud 
LnBIhar  Dreisin^  am  full^  Described.  Bad  tbe  Princlpln  of  Twuiiii|  Bl- 
plainod,  and  many  Recent  Procsues  Introdoced ;  u  ilio  (ha  Uetbodi  fat 
Iha  EstimitloDof  Tinnln,  and  a  Damtipdooof  lbs  AiUof  Glue  BaiUsLCDt 
Dieising,  io,  Bv  AtinBiio  Wiit,  Author  of  "  Soap-Uakiac"  As. 
Second  Ed iiion.  Ciom  Svo,  91.  cloib. 
(foduEUoD,  wblch  rvlf^uadi  to  itm  oodtl  ot  botE  uLhor  and  pu 

toot  atid 

THE   AR-    -- 

Handbook.  IcLcluding  Meuorsoieiii.  Lul-Fitdng.  Cuttlnc-Oiit, 
Makiae.  with  1  Description  oi  tbe  mnt  approTsd  Uacb*  - 
By  John  B.  Lino,  Late  Editor  of  St.  Critpia,  ud  Tht  Boat 


Wood  Engraving. 

WOOD  ENGRA  VING:  A  PraUkal  and  Easy  Imtroinction  to  tit 
- By  WiLLitw  NoRHAii  Blown.    Sacood  BdlUou.    With 
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Watch  A^tMtinq. 

THE  WATCH  ADJUSTER'S  MANUAL:  A  Practical  Guide 
for  the  Watch  and  Chronometer  Adjuster  in  Making,  Springing,  Timing 
and  Adjusting  for  Isochronism,  Positions  and  Temperatures.  By  C.  E. 
Pritts.    370  pages,  with  Illustrations,  8vo,  i6i.  cloth.  [Just  published, 

Haroloay. 

A  TREATISE  ON  MODERN  HOROLOGY,  in  Theory  and  Prac- 

tics.   Translated  from  the  French  of  Claudius  Saumibr,  ex-Director  of  tbs 

School  of  Horology  at   Ma9on,  by  Juliem  Tripplim,  F.R.A.S.,  Besancoo 

Watch  Mann&ctnrer,  and  Edward  kiqq,  M.A.,  Assayer  in  the  Royal  Mmt 

With  78  Woodcuts  and  33  Coloured  Copper  Plates.    Second  Edition.    Snper- 

royal  Svo,  £9  ss.  cloth ;  £9  los.  half-cau. 

"  There  b  no  horoloeical  work  fa  the  English  lasffoaee  at  all  to  be  compared  to  this  jxodnc* 

Hob  of  M.  Saunler't  for  deamen  and  completeness.    It  is  alike  good  as  a  piide  for  the  stnosataad 

as  a  reference  for  the  experienced  borotocist  and  skilled  woricman."— //pmAiiCito/  yonrnml, 

**  The  latest,  the  most  complete,  and  the  most  reliable  of  those  literary  productkxis  to  wUch 
COBtlnentai  watchmakers  are  indebted  for  the  mechanical  superiority  orer  tncir  Engllsb  brethraa 
*   '    ~ ,  the  Book  ot  Books,  is  M.  Saunier's  'Treatise.'"— f^«ftAiHai«r,  ytmeUermtdSUvtrtmUh, 


Watchmaking. 

THE  WATCHMAKER'S  HANDBOOK.  Intended  as  a  Work- 
shop  Companion  for  those  engacnd  in  Watchmaking  and  the  Allied  Mechani- 
cal Arts.  Translated  from  the  French  of  Claudius  Saumibr,  and  considera* 
ably  enlarged  by  Julien  Tripplin,  F.R.A.S.,  Vice-President  of  the 
Horological  Institute,  and  Edward  Rigo,  M.A.,  Assayer  in  the  Royal  Mint. 
With  numerous  Woodcuts  and  14  Copper  Plates.  Third  Edition.  Crown 
Svo,  gs.  cloth. 

Each  ^art  is  truly  a  treatise  In  Itself.    The  arrangement  Is  frpod  and  the  languase  Is  dear  and 
admiral' 


It  Is  an  admirable  suide  for  the  young  watchmaker."— £KfiM«rH>^. 
'  It  Is  impossible  to  speak  too  highly  of  iu  excellence.    It  fulfils  every  requirement  fa  a  hand- 
book fatended  for  the  use  ot  a  workman.    Shoukl  be  found  fa  every  woricshop/'—ffoftA  mttd 


'  This  book  contains  an  immense  number  of  practical  details  bearing  on  the  daily  occupatlaa 
of  a  watclimaker."— ff«iirA»M^r  and  M€talw«rktr  (Chicago). 

Watches  and  Timekeepers. 

A  HISTORY  OP  WATCHES  AND  OTHER  TIMEKEEPERS. 

By  Tauss  F.  Kbndal,  M.B.H.Inst.    is.  td.  boards;  or  as.  td.  cloth  gilt. 

**  Mr.  Kendal's  book,  for  its  size,  is  the  best  which  has  yet  appeared  on  this  sntject  in  the 
English  language."— /M</itf/»i;rj^. 

"  Open  the  Dook  where  you  may,  there  Is  interesting  matter  fa  it  concemfag  the  Ingenious 
devices  of  the  ancient  or  modem  horologer.  The  subject  is  treated  in  a  liberal  and  entertaining 
spirit,  as  might  be  expected  of  a  historian  who  is  a  master  of  the  craft."— .So/Mnrfey  Review. 

Electrolysis  of  Ooldf  Silver,  Copper,  etc* 

ELECTRO-DEPOSITION  :  A  Practical  Treatiu  on  the  EUctrolysis 
of  Geld,  Silver,  Copper,  Nickel,  and  other  Metals  and  Al'oys.  With  descrip- 
tions ol  Voltaic  Batteries,  Magneto  and  Dynamo-Electnc  Machines,  Ther- 
oiopiles,  and  of  the  Materials  and  Processes  used  in  every  Department  of 
the  Art.  and  several  Chapters  on  Electro- Metallurgy.  By  Alexander 
Watt,  Author  of  "  Electro- Metallurgy,"  &c.  Third  Edition,Revised.  Crown 
8vo,  9s.  cloth. 
"Eminently  a  book  for  the  practical  worker  fa  electro-deposition.     It  contains  practical 

descriptions  of^  methods,  processes  and  materials  as  actually  pursued  and  used  fa  the  workiho|».' 

'^Bnghteer, 

ESlectrO'MetaUurgy. 

ELECTRO-METALLURGY :  Practically  Treated.  By  Albzandbi 
Watt,  Author  of  *'  Electro-Deposition,"  &c  Tenth  Edition,  inclading  the 
most  recent  Processes.    lamo,  as.  cloth  boards. 

"From  this  book  both  amateur  and  artttan  may  lean  everythtag  necenuy  fat  die  ■noceasfti 
pwsecuttoa  of  electroplating,  "—/rw*. 

Working  in  Oold. 

THE  JEWELLER'S  ASSISTANT  IN  THE  ART  OF  WORK- 
ING Jn  GOLD :  A  Practical  Treatise  for  Masters  and  Workmen,  Compiled 
from  the  Experience  of  Thirty  Years'  Workshop  Practice.    By  George  R. 
Gee,  Author  of  **The  Goldsmith's  Handbook,"  &c.    Cr.  Svo.  7s.  6d.  cloth. 
"  This  manual  of  technical  education  is  apparently  destfaed  to  be  a  valuable  aindUasy  to  a 

iMndicraft  which  is  certainly  capable  of  great  improvement"—  The  Times. 

"  Very  useful  fa  the  workshop,  as  the  knowledge  is  practical,  having  been  acoolred  by  long 

experience,  and  aU  the  recipes  and  directions  are  guaranteed  to  be  snccasituL"— ynwZfar  euid 
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Bieetroplating* 

BLECTROPLA  TING  :  A  Practical  Handbook  on  the  Depoai. 
tlon  ot  Copper,  Silver,  Nickel,  Gold,  Aluminium,  Brass,  Platinum,  &c.  &C. 
With  Descnptions  of  the  Chemicals,  Materials,  Batteries,  and  Dvnamo 
Machines  used  in  the  Art.  By  J.  W.  Urquhart,  C.E.,  Author  of  "  Blectrifl 
Light,**  &c.    Third  Edition,  with  Additions.    Crown  8vo.  ^s.  cloth. 

**  An  cxcelleat  practical  vaMnix»L''—En^*uenn£. 

**  An  «sceU«at  work,  giving  the  nevrest  infomutioo."— iVi»fWd)f<oa/  T^mmL 

MSiectrotypifig. 

BLECTROTYPING  :  The  Reproduction  and  Multiplication  of  Print- 
ing Surf  acts  and  Worki  of  Art  by  thg  Eltctro-deposiium  of  MetaU,    Bf  J.  W, 
Ukquhart,  C.E.    Crown  8vo,  s«.  cloth. 
**T1m  book  Is  thoRNtghlyDnctlcaL    The  inader  h.  ttmniotm,  coodactad  thwwyh 

iMra ofalectricity.  th«i  througfi  the  metab  need  by electrotyperi,  the appentui^  aaatli 

PIDOMMS,  up  to  the  final  preparatioo  of  Uie  wotk."— Art  ygwrwa/. 

Goldsmiths^  Work. 

THE  GOLDSMITH'S  HANDBOOK,     By  Gborgb  E.  Geb, 

leweller,  &c.    Third  Edition,  considerably  Enlariced.    itmo,  3s.  6d.  cl.  bds. 
*^A  ffood,  lound  educator,  which  will  be  accepted  as  an  aatbOfttf,''—I/ffrai^iaU  ytttrtuU, 

aUversmiths*  Work. 

THE  SILVERSMITH'S  HANDBOOK.    By  George  E.  Geb, 

leweller,  &c.    Second  Edition.  Revised.    lamo,  3s.  6d.  cloth. 
*' The  chief  merit  of  the  work  is  iu  practical  character.    .    .    The  wotteis  Id  the  fade  «■ 
9eedQy  discover  its  merits  when  they  ih  down  to  study  ULr—BngHsh  M^ehmtOc, 
***  Tkt  above  two  works  togetkert  strongly  kalfbound,  pnc4  7$. 

Sheet  Metal  Working, 

THE  SHEET  METAL  WORKER'S  INSTRUCTOR:  For 
Zinc,  Sheet  Iron.  Copper,  and  Tin  Plate  Workers.  Containing  Rules  for 
describini;  (he  Patterns  required  in  the  Different  Branches  of  the  Trade. 
By  R.  H.  Warn,  Tin  Plate  Worker.  With  Thirty-two  Plates.  8vo,7«.  «.  oL 

Bretid  and  Biscuit  Baking, 

THE  BREAD  AND  BISCUIT  BAKER'S  AND  SUGAR^ 
BOILER'S  ASSISTANT.  Including  a  large  variety  of  Modem  Recipes. 
Bv  Robert  Wblls.  Practical  Baker.    Crown  8vo,  ax.  cloth. 


large  number  of  wrinkles  for  the  ordinary  cook,  as  weD  as  the  baker.*--3ieft»itl^y  MarigWm 

Confectionery  for  Hotels  and  JRestaurants, 

THE    PASTRYCOOK    AND    CONFECTIONER'S    GUIDE. 

For  Hotels,  Restaurants  and  the  Trade  lu  general,  adapted  also  for  Familf 

Use.    By  Robert  Wells.    Crown  8vo,  25.  cloth. 

**  We  cannot  speak  too  highly  of  this  really  excellent  work.    In  these  dqr>  of  keen  coapecMoe 
•at  raaders  cannot  do  better  than  purchase  tms  book."—itai«rr'  rimts. 

Ornamental  Confectionery. 

ORNAMENTAL  CONFECTIONERY:  A  Guide  for  Bakers, 
Confectioners  and  Pastrycooks ;  including  a  varietv  of  Modem  Recipes,  and 
Remarks  on  Decorative  and  Coloured  work.    With  zag  Original  Destgns. 
By  Robert  Wells.    Crown  8vo,  cloth  silt,  5s. 
'  A  vahiable  work,  practical,  and  should  be  in  the  nands  of  erery  baker  and  coofectiaiieK.  The 


% 


■utrattve  designs  are  alone  worth  treble  the  amount  charged  for  the  whole  wofflc.'*—ABAcrv' 

JPIour  Confectionery. 

THE  MODERN  FLOUR  CONFECTIONER.    Wholesale  and 

Retail.    Containing  a  large  Collection  of  Recipes  for  Cheap  Cakes,  Biscuits, 

ftc.    With  Remarks  on  the  Ingredients  used  in  their  Manufiacture.    Bf 

R.  Wells.    Crown  8vo,  as.  cloth. 

*'  The  work  is  of  a  decidedly  practical  character,  and  In  every  ledpe  regard  is  had  to  tcrmnrnt- 
Cil  working."— A^,;nrA  £rMth  Dmify  MaiL 

Laundry  JFork. 

LA  UNDRY  MANAGEMENT.  A  Handbook  for  Use  in  Private 
and  Public  Laundries,  IncludiuK  Descriptive  Accounts  of  Modem  Machinery 
and  Appliances  for  Laundry  Work.  By  the  Editor  of  **The  Latmdrf 
Journal/'  Second  Edition.  Crown  8vo,  as.  6a,  cloth. 
..  *'This  book  should  certainly  occupy  an  honoured  place  on  the  shdves  of  all  hoosekeepeis 
eeo  wish  to  keep  themselTes  au  caurant  of  the  newest  appliances  and  methods."— rAr  Qttetn. 
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HANDTBOOES    FOR  HANDICRAFTS. 

By  PAUL  N.  HASLUCK, 

Bditor  of  "Work"(Nbw  Sbriks)  ;  Author  of  "Lathbwork,"  "Millimq 

Machines,"  &o. 
Crown  8vo,  244  pages,  clotb,  price  is.  each. 

13^  r/i«5«  Handybooks  have  been  written  to  tuptly  information  for  WorkmbNi 
Students,  aiui  Amateurs  in  the  several  Handicrafts^  on  the  actual  Practice  0/ 
the  Workshop,  and  are  intended  to  convey  in  plain  ianffnage  Technical  Know- 
ledge of  the  several  Crafts.  In  describing  the  processes  employed,  and  the  manipum 
lotion  0)  material,  workshop  terms  are  used ;  workshop  practice  is  fully  explained: 
and  the  text  is  freely  illustrated  with  drawings  of  modem  tools,  appliances,  and 
processes,  

THE  METAL  TURNER'S  HANDY  BOOK.    A  Practical  Manual 

for  Workers  at  the  Foot-Lathe.    With  over  100  Illustrations.    Price  is. 
"  The  book  will  be  of  service  alike  to  the  amateur  and  the  artisan  turner.   It  displays  thorough 
'knowledge  of  the  subject."— Sw/xman. 

THE    WOOD    TURNER'S    HANDYBOOK.     A  Practical  Manual 

for  Workers  at  the  Lathe.    With  over  ico  Illustrations.    Price  is. 
"We  recommind  the  book  to  young  turners  and  anutenrs.    A  multitude  ofworkmea have 
Mtherto  sought  io  rain  for  a  manual  of  this  special  \DA}ss!(xy."—MecManicai  W»rU^ 

THE   WATCH   JOBBER'S  HANDYBOOK.    A  Practical  Manual 
on  Cleaning,  Repairing,  and  Adjusting.    With  upwards  of  100  Iljustratioiis. 
Price  IS. 
**  We  strongly  advise  all  young  persons  connected  with  the  watch  trade  to  acquire  and  scmdf 

Ihta  Inexpensive  work."— Ci^ArMW*//  ChntnicU. 

THE    PATTERN     MAKER'S    HANDYBOOK.       A    Practical 
Manual  on  the  Construction  oi  Patterns  for  Founders.    With  upwards  of 
100  Illustrations.    Price  is. 
**  A  most  valuable,  if  not  indispensable,  manual  for  the  pattern  maker."— ATMtfw/So^pv. 

THE  MECHANICS   WORKSHOP  HANDYBOOK.     A  Practical 

Manual  on  Mechanical  Manipulation.    Embracing  Information  on  varioni 

Handicraft  Processes,  with  useful  Notes  and  Miscellaneous  Memoranda! 

Comprising  about  200  Subjects.    Price  is. 

**  A  very  clever  and  useful  book,  wlucd  should  t>e  found  in  every  workshop ;  and  It  should 

certainly  find  a  i^ce  in  all  technical  schools."— 5a/Mn<^  Review. 

THE    MODEL    ENGINEER'S     HANDYBOOK.       A    Practical 
Manual  on  the  Construction  of  Model  Steam  Engines.    With  upwards  of  lOO 
Allnstrations.    Price  is. 
**  Mr.  Hasluck  has  produced  a  very  good  little  book."— Builder. 

THE   CLOCK   JOBBER'S    HANDYBOOK.    A  Practical  Manual 
on  Cleaning,  Repairing,  and  Adjusting.    With  upwards  of  100  Illastrationi. 
Price  IS. 
**  It  is  of  inestbnable  service  to  those  commencing  the  trade."— C^cwn/ry  Stmndmrd, 

THE  CABINET  WORKER*S  HANDYBOOK:  A  Practical 
Manual  on  the  Tools,  Materials,  Appliances,  and  Processes  employed  in 
Cabinet  Work.    With  upwards  of  100  Illustrations.    Price  is. 

**  Mr.  Haahtck's  thoroughgoing  little  Handybook  is  amongst  the  moct  practical  guides  we  have 
teen  for  beginners  in  cabinet-work."— i^i/Mnlajf  Review. 

THE  WOODWORKER'S  HANDYBOOK  OP  MANUAL  IN- 
STRUCTION.  Embracing  Information  on  the  Tools,  Materials,  Appliances 
and  Processes  employed  in  Woodworking.    With  104  Illustrations.  Price  is 

ijmt  piiblishtd, 

THE  METAL  WORKER'S  HANDYBOOK.  With  upwards  of  100 
Illustrations.        [In  preparation. 

*«*  Opinions  of  the  Press. 

**  Written  by  a  man  who  knows,  not  only  bow  work  ought  to  be  done,  but  how  to  do  H.  and 
ham  to  con\  ey  ms  knowledge  to  <AhitT%."—Etitineenng, 

"  Mr.  Hasluck  writes  admirably,  and  gives  complete  XtaXxviCAoitA."— Engineer. 

**  Mr.  Hasluck  combines  the  experience  o(  a  practical  teacher  with  the  manipulative  skill  and 
scientific  knowledge  of  processes  of  the  trained  mechanician,  and  the  manuals  are  marvels  of 
what  can  be  produced  at  a  popular  itA<x."ScheeimAsUr. 

**  Helpful  to  workmen  of  all  ages  and  degrees  of  experience."— AilO'  Chrvnide, 

**  Practical,  sensible,  and  remarkably  cheap."— T^n^fna/  ^SdtuaHan, 

**  Concise,  clear  and  vinxHiial."—Satturdmy  Review. 
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COMIIERCE,  CX)UMTING-HOUSE  WORK,  TABLES,  ete. 
C^HntnercitU  French* 

A  NEW  BOOK  OF  COMMERCIAL  FRENCH:  Grammar- 
Vocabulary  —  Correspondence  —  Commercial  Documents  —  Gepmpby  — 
Arithmetic— Lexicon.  By  P.  Carrou*.  Professor  In  the  City  Hi0i  School 
J.— B.  Say  (Paris).    Crown  8vo.  41.  6d,  cloth.  [J««<  pubh*h€d 

€fomfnerci€U  Educatiotu 

LESSONS   IN  COMMERCE.    By  Professor  R.  Gambaro.  of 

the  Royal  High  Commercial  School  at  Genoa.  Edited  and  Revised  by  Jambs 

Gault,  Professor  of  Commerce  and  Commercial  Law  in  King's  Coum, 

London.  Second  Edition,  Revised.  Crown  8vo,  3J.  W.  c\o\b,{Just  publtsfua. 

•*  The  fMiblishen  of  thU  work  hare  rendeted  consktenble  service  to  the  cause  ef  cotBmeidal 

•Vacation  by  the  opportune  production  of  this  volume.    .    .    .    The  work  b  pecuHutjr  >£cmttoH 

to  English  readers  and  an  admirable  addition  to  existing  class-books.    In  a  ptu«s^_^  "y*^ 

woifc  attains  iu  object  in  furnishing  a  brief  account  of  those  laws  and  customs  of  Bnttriitttd*  w«a 

which  the  commercial  man  interested  therein  should  be  familiar."— CA«*w4»r  p/^C^mmtrtt^ft^mS. 

"  An  invaluable  guide  In  the  hands  of  those  who  are  preparing  for  a  commerdal  casaer. 

Foreign  Commercial  Correspondence* 

THE  FOREIGN  COMMERCIAL  CORRESPONDENT:  Bemg 
Aids  to  Commercial  Correspondence  in  Five  Langnagea— Bnglis^  f'^l!^^' 
Germani  Italian,  and  Spanish.  Bv  Conrad  B.  Baur.  Second  Editioii. 
Crown  8vo,  3s.  6d.  cloth. 


*' Whoever  wttbes  to  coffTespoDd  In  an  the  ianguagea  incntloQad  by  Mr.  Baker  caaaaot  do  bcM^ 

a  ttvdy  this  work,  the  materials  of  wUch  are  excellent  and  conveniently  arranged.    Tbcy  coastal 

not  of  entire  specimen  letters  but— what  are  far  more  useful— short  passages,  sentencos.  or 

phiMes  expressing  the  same  general  idea  in  various  forms."- wliAciMranM.  ^^ 

"A  careful  examination  has  convinced  us  that  it  is  unusually  complete,  well  amagoo,  aafl 

The  book  Is  a  thoroughly  good  ctom."-^5cho4fimmtUr. 


Accounts  for  Manufacturers* 

FACTORY  ACCOUNTS:  Their  Principles  and  Practice.  A 
Handbook  for  Accountanu  and  Manufacturers,  with  Appendices  on  the  No- 
menclature of  Machine  Details ;  the  Income  Tax  Acts ;  the  Rating  of  Fao- 
tories ;  Fire  and  Boiler  Insurance ;  the  Factory  and  Workshop  Acts*  ftc^ 
including  also  a  Glossary  of  Terms  and  a  large  number  of  Specimen  Rnlinga. 
By  Emilb  Garckb  and  J.  M.  Fklls.  Fourth  Edition,  Revised  and  En- 
larged.   Demy  8vo,  230  pages.  6s.  strongly  bound. 

"  A  veiylnterestJig  description  of  the  requirements  of  Factory  Aocoonts.    .    .    .    ttMptfcidple 
ef  anfanDatuig  the  Factory  Accounts  to  the  general  commercial  books  is  one  which  we  thocoogbly 

agree  with."— ^a9N»/aM<tr'  youmtU.  

**  Characterised  by  extreme  thoroughness.    There  are  few  owners  of  factoriea  who  wood  aoC 
dsrlro  great  benefit  from  the  perusal  ofthis  most  admirable  woric."— £«os/  GtfVtmmitmMCMrmide, 

Modem  Metrical  Units  and  Systems. 

MODERN  METROLOGY :  A  Manual  of  th$  Metrical  Units 
and  Systems  of  the  Present  Century.  With  an  Appendix  containing  a  proposed 
English  System.  By  Lewis  D'A.  Jackson,  A.M.Inst.C.B.,  Author  of  *'  Aid 
to  Survey  Practice,"  Ac.  Large  crown  8vo,  its.  6d.  cloth. 
**  We  recommend  the  work  to  all  Interested  In  the  practical  reform  of  our  weiglits  axid 
"—Aaturv. 


The  Metric  System  and  the  British  Standards. 

A  SERIES  OF  METRIC  TABLES,  in  which  the  BrUishSUmi' 
ard  Measures  and  Weights  are  compared  with  those  of  the  Metric  System  at^mmi 
in  Use  on  the  ContinefU,  By  C.  H.  Dowlimo,  C.E.  8vo,  los.  64.  strongly  Doond 


"Mr.  DowUng'M  Tables  are  weU  p«it  together  as  a  ready-fodcooer  Cor  the  ronvarthw  of  1 
Into  the  other."— .<4M<M«Mm. 


Iron  Shipbuilders'  and  Merchants'  Weight  Tai^les, 

IRON 'PLATE  WEIGHT  TABLES:  For  Iron  ShifbuikUrs, 
Engineers,  and  Iron  Merchants.  Containing  the  Calculated  Weignta  oi  np> 
wards  of  150.000  diflerent  sixes  ot  Iron  Plates,  from  i  foot  by  6  in.  by  |  in.  to 
10  feet  by  5  feet  by  z  in.  Worked  out  on  the  basis  of  ^o  lbs.  to  the  aqnare 
foot  of  Iron  of  i  mch  in  thickness.  Carefully  compilea  and  thorotighly  Re- 
vised by  H.  Burlimbon  and  W.  H.  Simpson.    Oblong  4to,  vss,  hal£>boand. 

*'Thb  work  will  be  found  of  great  utility.  The  anthon  have  had  moch  practical  exp 
off  what  Is  wanting  In  making  estimates;  and  the  oie  of  the  book  will  save  Bacii  time  la  \ 
•iaboiate  cakiilaHonfc  "'-^n^Ush  Mtckmnic 


COMMERCE,  Counting-house  work,  tables,  §u.  41 

Chctdwick^s  Calculator  for  Numbers  and  Weights 
Combined. 

THE  NUMBER,  WEIGHT,  AND  FRACTIONAL  CALCU- 
LA  TOR,    Containing  upwards  of  350,000  Separate  Calculations,  showing  at 
a  glance  the  value  at  423  diflerent  rates,  ranging  from  livth  of  a  Penny  to 
aos.  each,  or  per  cwt.,  and  £90  per  ton,  of  any  number  or  articles  consecu- 
tively, from  I  to  470.— Any  number  of  cwts..  ars.,  and  lbs.,  from  1  cwt.  to  ^ 
cwts.— Any  number  of  tons,  cwts.,  qrs.,  and  lbs.,  from  x  to  x,ooo  tons.    By 
William  uhadwick,  Public  Accountant.    Third  Edition,  Revised  and  Im- 
proved. 8vo,i8s.,  strongly  bound  for  OfBce  wear  and  tear. 
9Sr  Js  adapted  for  tht  use  of  Accountants  and  Auditors,  Railway  CompauiHt 
Carnal  Companies.  Shippers,  Shipping  Agents,  General  Carriers,  etc.    ironfoumderst 
Brassfounders,  Metal  Merchants,  Iron  Manufacturers,  Jronmongers,  Bngineert, 
Machinists,  BoUet  Makers,  MiUmights,  Roofing,  Bridge  and  Girder  Makers,  CoUitry 
Proprietors,  etc.    Timber  Mercha$tts,  Builders,  Contractors,  Architects,  Surveyors, 
Auctioneers,  Valuers,  Brokers,  Mill  Owners  and  Manufacturers,  Mill  Furnishers, 
Merchants,  and  General  Wholesale  Tradesmen.     Also  for  the  Apportionment  of 
Mileage  Charges  for  Railway  Traffic, 

"  It  Is  as  easy  of  reference  for  any  answer  or  any  number  of  answers  as  a  dictiona^,  and  tbe 
raferences  are  even  more  quickly  made.  For  making^  up  accounts  or  estimates  the  book  mnit 
proT«  invaluable  to  ali  who  have  any  considerable  quantity  of  calculations  Involving  price  and 
measure  in  any  combination  to  do." — Ettfitteer. 

Harben^s  Comprehensive  Weight  Calculator^ 

THE  WEIGHT  CALCULATOR,  Being  a  Series  of  Tables 
upon  a  New  and  Comprehensive  Plan,  exhibiting  at  One  Reference  the  exact 
Value  of  any  Weight  from  i  lb.  to  15  tons,  at  300  Progressive  Rates,  from  id, 
to  168s.  per  cwt.,  and  containing  186,000  Direct  Answers,  which,  with  their 
Combinations,  consisting  of  a  single  addition  (mostly  to  be  performed  at 
sight),  will  afiord  an  aggregate  of  xo,a<56,ooo  Answers ;  the  whole  being  calcu- 
lated and  designed  to  ensure  correctness  and  promote  despatch.  By  Hbnkt 
Harbbm,  Accountant.  Fourth  Edition,  carefully  Corrected.  Royal  8vo, 
£1  ss.  strongly  half-bound. 

"  A  practical  and  usefbl  work  of  reference  for  men  of  busfaiess  generally ;  It  Is  tlie  iMit  of  Hm 
kind  we  nave  seen."— /rgwjwg»yfr. 

Of  priceless  value  to  tniwiess  men.    It  Is  a  UAcenary  book  In  all  mttrcantfle  offioM." 


/I4U  /ndt/emUni, 

Harben^s  Comprehensive  IHscount  Guide. 

THE  DISCOUNT  GUIDE,  Comprising  several  Series  of 
Tables  for  the  use  of  Merchants,  Manufacturers^  Ironmongers,  and  others, 
by  which  may  be  ascertained  the  exact  Profit  arismg  from  any  mode  of  using 
Discounts,  either  In  the  Purchase  or  Sale  of  Goods,  and  the  method  of  either 
Altering  a  Rate  of  Discount  or  Advancing  a  Price,  so  as  to  produce,  by  one 
operation,  a  sum  that  will  realise  any  required  profit  after  allowing  one  or 
more  Discounts :  to  which  are  added  Tables  of  rrofit  or  Advance  from  xi  to 
QO  per  cent,  Tables  of  Discount  from  i\  to  98I  per  cent.,  and  Tables  of  Com* 
mission,  &c.,  from  \  to  xo  per  cent.  By  Hbmky  Harbbm,  Accountant.  New 
Edition,  Revised  and  Corrected     Demy  8vo,  544  pp.,  £t  5s.  half-bound. 


"  A  book  such  as  this  can  only  be  appreciated  t»y  boatnea  men,  10  wbooi  the  savliur  of  tfaiM 
ins  saving  of  numey.  We  have  the  lugh  authority  of  Professor  J.  R.  Young  that  tfie  tables 
Uttoughout  the  work  are  constructed  upon  strictly  accurate  prindplea.  The  work  Is  a  model 
of  typogn^hical  clearness,  and  must  prove  of  great  value  to  merchants^  manufactmerii  and 
general  traders."— ArMrA  Tradt  yoummL 

New  Wages  Calculator, 

TABLES  OF  WAGES  at  54,  52,  50  and  48  Hours  per  Week. 
Showing  the  Amounts  of  Wages  from  Ooe-qaarter-of-an*hour  to  Sixty-four 
hours  in  each  case  at  Rates  of  Wages  advancing  by  One  Shilling  from  45.  to 
^51.  per  week.  By  Thos.  Garbutt,  Accountant.  Squio'e  crown  8vo,  6s. 
half-bound.  {Just  published. 

Iron  and  Metal  Trades^  €kUctUator» 

THE  IRON   AND  METAL  TRADES'  COMPANION.    Fof 
expeditiously  ascertaining  the  Value  of  any  Goods  bought  or  sold  by  Weight, 
from  IS,  per  cwt.  to  xxas.  per  cwt.,  and  from  one  farthing  per  pound  to  one 
shilling  per  pound.     By  Thomas  Dowmib.    396  pp.,  9s.  leatner. 
"  A  most  oseftal  let  ol  tables :  nothing  Hke  them  iMfore  existed.—  BiMtUtur  Newt. 
"  Although  spedaOy  adapted  to  thelron  and  metal  trades,  the  table*  wUTlw  Coond  — tlul  la 
«very  othei  biuin«a  In  wbiea  metchnndlae  Is  tMOgltt  and  sokl  tqr  weight."   MmUmuf  Heme, 
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"DIRECT     CALCULATOR  S," 

By  M.  B.  COTSWORTH,  of  Holgate.  York. 

QUICKEST  AND  MOST  ACCUKATE  MEAHB  OF  CALCULATION  KNOWN. 

ENSURE  ACCURACY  and  SPEED  WITH  EASE,  SAVE  TIME  and  MONEY. 
AeooanU  may  b€  charted  oot  or  eheeked  by  theM  mMUit  fn  aboot  oaa 
third  he  time  required  by  ordinary  methodi  of  ealenlatlon.  Thei» 
nnrlvalled  ^  Caleulatora  **  have  very  clear  and  ori^iaal  eontrlwaooea 
for  lastantly  flndlng  the  exact  antver.by  its  Axed  poeltlMi*  wUhont 
eveo  BightlBg  the  top  or  ilde  of  the  page.  They  are  varied  In  arran^a^ 
meat  to  lolt  the  special  need  of  each  particular  trade. 

All  the  leading  firms  now  use  Calculators,  even  wture  they  employ  experts, 
H.B.— Indicator  letters  in  brackets  should  be  quoted. 


a 


** RAILWAY  &-  TRADERS*  CALCULATOR  "  (R.  &  T.)  los.  6<r. 
Including  Scale  of  Cliarges  for  Small  Parcels  by  Merchandise  Trains. 
"  Direct  Calculator"— the  only  Calculator  published  giving  exact  charge  for 
Cwts.,  Qrs.  and  Lbs.,  together.  "  Calculating  Tables"  for  every  id.  rate  ta 
loos.  per  ton.  "  Wages  Calculator."  "  Percentage  Rates.*'  "  Grain,  Flour,. 
Ale,  Ac,  Weight  Calculators." 

••  DIRECT  CALCULATOR  (I  R)  "  including  all  the  above  except 

'*  Calculating  Tables."    75. 

•* DIRECT  CALCULATOR  (A)"  by  id.,  2S.  each  opening,  exact 
pence  to  40s.  per  ton.    55. 

**  DIRECT  CALCULATOR  (B)  "  by  li.,  45.  each  opening,  exact 
pence  to  401.  per  ton.    45.  6</. 

"DIRECT  CALCULATOR  (C)  "  by  id.  (with  Cwts.  and  Qrs.  to 
nearest  farthing),  to  40s.  per  ton.    45.  6d, 

*' DIRECT  CALCULATOR  (Ds)  "  by  id.  gradations.  (Single  Tona 
to  50  Tons,  then  by  fifties  to  x.ooo  Tons,  with  Cwts.  values  below  in  ex*ct 
pence  payable,  fractions  of  ^.  and  upwards  being  counted  as  id,    6s.  6d. 

"DIRECT  CALCULATOR  (D)  "  has  from  1,000  to  10,000  Tons  in 
addition  to  the  (Ds)  Calculator.    7s.  6d. 

"DIRECT  CALCULATOR  (Es)"  by  id.  gradations.  (As  (D)  to 
1,000  Tons,  with  Cwts.  and  Qrs.  values  shown  separately  to  the  nearest 
farthing).    5s.  6d. 

** DIRECT  CALCULATOR  (E)  "  has  from  1,000  to  10,000 Tons  in 
addition  to  the  (Bs)  Calculator,    ts.  6d, 

•'DIRECT  CALCULATOR  (F)  "  by  id,,  2S.  each  opening,  exact 
pence  to  40s.  per  ton.    4s.  6d. 

"  DIRECT  CALCULATOR  ^Q)"  by  id.,  is.  each  opening;  6  in.  by 
9  in.    Nearest  id.    Indexed  (0  1)  3s.  6d.    as.  6d. 

"  DIRECT  CALCULATOR  (H)  "  by  id.,  is.  each  opening ;  6  in.  by 
9  in.    To  exact  pence.    Indexed  (H  I)  35.  6d.    as.  6d. 

"DIRECT  CALCULATOR  (K)"  Showing  Values  of  Tons,  Cwts. 
and  Qrs.  in  even  pence  (fractions  of  id.  as  zi.),  for  the  Retail  Coal  Trade. 
4s.  6(^. 

"RAILWA  Y  AND  TIMBER  TRADES  MEASURER  AND  CAL- 
CULA  TOR  (T)  "  (as  prepared  for  the  Railway  Companies).  The  onljr  book 
published  giving  true  content  of  unequal  sided  and  round  timber  bj  eighths 
of  an  inch,  quarter  girth.  Weights  from  Cubic  Feet— Standards,  Superficial 
Feet,  and  Stone  to  Weights— Running  Feet  from  lengths  of  Deals— Standard 
Multipliers— Timber  Measures— Customs  Regulations,  &c.    3s.  6d^ 
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AGRICULTURE,  FABMINQ.  OARDBHINQ,  eto. 

J>r.   Fream'a    New    EMtion    of    "I%«    rSfandord 
TreaA^K  on  Agriculture." 

THE  COMPLETE  GRAZIER.  <ati  FARMER'S  and  CATTLE- 

SRBEDBR-S  ASSISTANT^  A  CorapFadlum  ot  Hubuidr;.  OiigliullT 
Wtillen  bv  WiLLiUM  You*ii.  Thlrteenlh  Edlrinn,  anlirelT  Ro-wrillMl, 
eooildeikbj)  EB',itf»d.  and  bioiiKhi  up  lo  the  Present  Requliemsnu  of 
Agilcniliaml  Pi.cdce.  bf  WiLW.M  Frum,  LL.D.,  Sleven  Leciurer  In  lbs 
UclTenit;  o[  Edlnburvb,  Auiha  al  "Tha  Elcmaau  of  Agrlcnllure."  fto. 
Royilavo,  1^00  pp.,  wiih  nv«  4io  Illuslrallons.    ii  iii.  U.  ilronglj  and 


British  Farm  JAvv  Stock. 

FARM  LIVE  STOCK  OF  GREAT  BRITAIN.  Bt  Robe«t 
Wallicc,  P.L.S..  F.R.S.E..  4e..  ProHniot  of  Agrieolinni  ud  Rn™!  Bco- 
DOmr  iDlbs  UolTariitjor  Bdinbui(ta,  Tbird  Edllioo,  tboiooibiT  Baviwd 
uid  conildanbl*  Balu-ged,  Wllh  Dveriio  Pbotolipciofl^ia  Stock.  Damj 
JIva,  iS*  pp.,  wjib  70  Plun  uid  Mapi,  in.  6d.  einth. 

»KUlB._nd''l^wUck*hll£d)'  lo  fini'^'iu  .J)  lo*°lfc.°SiR^^  A.I»  CDuntry  I«U.=n"l 
"^iMlalsitidllkaef 'ParwiUTvStHkolOrHL  BHrata '  b  ■  pioducHoB  la  be  pinid  of.  aul 

who  would  aotU\tiatawmki:opyoribia>»Mi3titu\work.''-^MMrtLMMf&M^rrii. 

"A  ■orkiThichinlllaDBbaiH»ijFdaia^indardauEhaitljrirl»IKV«E«l»DcdHLUtdirud 
dncHpHfiii  aruu  bnadsoniiB  nock  In  Ilii  BWiUi  ]>!«  Li  raqubaiL'— Aii7i  Hntljt  Wuww. 
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J>tUry  farming, 

BRITISH  DAIRYING.  A  Handy  Volume  on  the  Work  of  th« 
DiIiT-FiiiD.  For  ttas  Um  oI  Tecfanlcid  lotDncUoa  CUbu*.  Sindanti  to 
Agrieullaril  College*,  and  Ihe  Working  Dairy-Fmrnur,  By  ProtJ.  P.  SniuxiM, 
ale  Special  ComDiiuloneT  o(  Ibe  Cuadiui  Covsromaal,  Antfiot  of  "  Dair* 
Paimlai,"  &C.  Wllh  anmerooi  llluatndoai.  Crown  8vo,  n.M.  cloUi- 
■^WacDnf?bD[iTncDisnui(l  It  u  i  ItBrbook  on  4tiry  tv™iDg-"^jtfrlt*UhirmJ  GMMtt^ 

Jtatry  Manual. 

MILK,   CHEESE  AND  BUTTER:    A   Pr«ctical    Handbook 
OD  Ihelr  Prapeniea  anil  Ihs  Processei  of  (heir  Plodaction,  tnclndlu  ■ 

Chaplm  on  Cream  and  ihs  Methods  ol---- '— ' "'"       --■-  — 

Olivi*,  iBIe  Principil  of  Ifae  Wesler 
Coloursd  Plates  and  so  llluiu.    Cioirn  Svo 


AffrUsuUural  Facta  and  Figurea, 

NOTE-BOOK  OF  AGRICULTURAL  FACTS  AND  FIGORBS 
S  FARMERS  AND  FARM  STUDSNTS.  Bt  Pamaoai  IfcCoasUA, 
-     ""-'-  "  "--—     Rojal  luno,  'oanjgllt  odget,  wlih  band,  4j. 

BtnaU  Farming, 

SYSTEMATIC  SMALL  FARMING;  or.  Tht  Ltiumt  of  w^ 
Farm.  Bting  an  IntroduclloD  Id  Modern  Farm  Practice  for  Small  FaiBMn. 
By  R.  Scon  Bun.    With  Dumeroiu  lilustratioat,  ctonn  Svo,  Gi.  cloth. 

-" fhlihitii    riiiLiliiiiii  t     ■   iinri   iiii_iiT    i -      ■     "■"  i   i  j  ■■■iim  fiiMi 

Modem  Farming, 

OUTLINES  OF  MODERN  FARMING.  By  R.  ScoTT  BoMl. 
Soils,  Uumres,  and  Ciops— Farming  and  Farming  Bcooomy— CmttK  Sbttf, 
aod  Horses  —  Masaeemenl  of  Duct,  Pigi,  and  Ponltr;  —  UdlintkiG  d 
Town-SeHBge.  Inigallon,  ftc.  Sixth  Bdition.  In  Ona  Vol.,  i^tga  pp^  h>B- 
bound,  prohiMNr  Illnitraieif  — 


Comprising  Draining  and  EmbanldDg ;  Irrigaiion  and  Water  Snpplf  i  Fain 
Itoaib,  Feacei,  and  Gam;  Farm  Buildings :  Bam  ImplBmania  sad  If*- 
chines;  Field  ImpleiDeDtsud  Uachlnei;  Agricullurai  Sumrlog,  ftc  Br 
Pcol  JOH«  Scott.    1,150  gages,  hall-bound,  with  over  600  '4g«g"°l'^_t«. 

AgrictUturat  Text-Book. 

THE    FIELDS   OF   GREAT   BRITAIN  ;    A  Text-Book    ol 

Agriculture,  adapted  to  Ihe  Syllabui  of  the  Science  ud  Art  Draattmai. 
Foe  ElemeniarT  and  Advanced  Students.    By  HuoB  CLiiiHiin  (Buanl  ol 

_T^del.__Second  Edillon.  Bevised,  with  AddilioDi._  ihiiQ,ai,&<.  cloth^^ 

Tables  for  Fanners,  etc. 

TABLES,  MEMORANDA,  AND  CALCULATED  RESULTS 
tor  Famtn.  Graiicn.  Agnculltiral  SluOaili,  Surviyari,  LaH4  AgtnU.Amt- 
'..  With  a  New  System  of  Farm  Book-keeping.   By  SinHBi  ^aaa- 


sfui*  1a)il«  lunn(  I 


AGRICULTURE,  FARMING,  GARDENING,  etc  45 

Artificial  Manures  and  Foods. 

FERTILISERS  AND  FEEDING  STUFFS:  Their  Proper- 
ties and  Uses.  A  Handbook  for  the  Practical  Fanner.  By  Bernard  Dybrj 
D.Sc.  (Lond.)  With  the  Text  of  the  Fertilisers  and  Feeding  Stu£fs  Act  off 
1893,  the  Regulations  and  Forms  of  the  Board  of  Agriculture  and  Notes  on 
the  Act  by  A.  J.  David,  B.A.,  LL.M.,  of  the  Inner  Temple,  Barrister-at-Law. 
Crown  8vo,  120  pages,  15.  cloth.  [Just  published. 

"  An  exeeDent  shUliuffsirorth.    Dr.  Dyer  has  done  farmers  gocd  service  in  placing  at  their  dis* 
posa  so  much  useful  information  in  so  intelligible  a  form."— TAr  Times. 

The  Management  of  Bees. 

BEES  FOR  PLEASURE  AND  PROFIT:   A  Guide  to  the 
Manipulation  of  Bees,  the  Production  of  Honey,  and  the  General  Manage- 
ment of  the  Apiary.    By  G.  Gordon  Samson.    Crown  8vo,  15.  cloth. 
"  The  intending  b«e-keeper  will  find  exactly  the  kind  of  information  required  to  enable  him 

to  make  a  successful  start  with  his  hives.    The  author  is  a  thoroughly  competent  teacher,  and  hU 

book  may  be  commended."— A/i^mti^  Post, 

Wwrm  and  JEstate  Book-keeping, 

BOOK-KEEPING  FOR  FARMERS  *  ESTATE  OWNERS. 
A  Practical  Treatise,  presenting,  in  Three  Plans,  a  System  adapted  for  all 
Classes  of  Farms.' By  Johnson  M.Woodiian,  Chartered  Accountant.  Second 
Edition,  Revised.  Crown  8vo,  3s.  6d.  cloth  boards ;  or  2S.  6d.  cloth  limp. 
"  The  volume  Is  a  capital  study  of  a  most  important  subject."— WrHifMAunt/  GaMtttt. 
The  young  farmer,  land  aeent,  and  surveyor  will  find  Mr.  Woodman's  treatise  more  than 
repay  its  cost  and  study  .'SMiidiHtr  News. 

Varm  Account  Book. 

WOODMAN'S  YEARLY  FARM  ACCOUNT  BOOK.  Giving 
a  Weekly  Labour  Account  and  Diarv,  and  showing  the  Income  and  Expen- 
diture under  each  Department  of  Crops,  Live  Stock,  Dairy,  &c.  &c.  with 
Valuation,  Profit  and  Loss  Account,  and  Balance  Sheet  at  the  end  of  the 
Year.  By  Johnson  M.  Woodman,  Chartered  Accountant,  Author  of  "  Book- 
keeping for  Farmers."  Folio,  ys.  6d,  half  bound.  [cuUurt 
"Cooiains  every  requisite  form  for  keeping  farm  accounts  readily  and  accurately."— ^^rtf> 

Early  JPYuitSf  Flowers,  and  Vegetables. 

THE  FORCING  GARDEN :  or,  How  to  Grow  Early  Fruits, 
Flowers,  and  Vegeubles.    With  Plans   and  Estimates  for  Building  Glass- 
houses, Pits,  and  Frames.    By  Samuel  Wood.    Crown  8vo,  3S.&/.  cloth. 
"A  good  book,  and  fairly  fills  a  place  thatwas  in  some  depeevacant.   The  book  is  written  witli 
fmt  care,  and  contains  a  great  deal  of  valuable  teaching."— Canfew^rr*  MagoMine, 

Good  Gardening. 

A  PLAIN  GUIDE  TO  GOOD  GARDENING  ;  or.  How  to  Grow 
Vegetables,  Fruits,  and  Flowers.  By  S.  Wood.  Fourth  Edition,  with  con- 
siderable Additions,  &c.,  and  numerous  Illustrations.  Crown  8vo,  35.  6d.  cl. 
"A  very  good  boolc,  and  one  to  t>e  highly  recommended  as  a  practical  guide.    The  practical 

directions  are  excellent."— W/A^n<rMm. 

"  May  be  recommended  to  young  gardeners,  cottagers,  and  specially  to  amateurs,  for  the 

plain,  simple,  and  trustworthy  information  it  gives  on  common  matters  too  often  neglected."— 

Cmrdenert'  Chronieie. 

Gainful  Gardening. 

MULTUM-IN-PARVO  GARDENING;  or,  How  to  make  One 
Acre  of  Land  produce  £6aoa-year  by  the  Cultivation  of  Fruits  and  Vegetables ; 
also,  How  to  Grow  Flowers  in  Three  Glass  Houses,  so  as  to  realise  £176  per 
annum  clear  Profit.  By  Samuel  Wood,  Author  of  "Good  Gardening,"  ate. 
Fifth  and  Cheaper  Edition,  Revised,  with  Additions.  Crown  8vo,  is.  sewed. 
*' We  are  bound  to  recommend  it  as  not  only  suited  to  the  case  of  the  amateur  and  gvntknian's 
gaidaoM.  but  to  the  market  gtovfg."—Garclefurj'  Mmgeuiitu, 

Gardening  for  Ladies. 

THE  LADIES'  MULTUM-IN-PARVO  FLOWER  GARDEN, 
and  Amatiurs'  Compute  Quids,  With  lUusts.  By  S.  Wood.  Cr.Bvo,  3s.  6d,  cU 

Receipts  for  Gardeners. 

GARDEN  RECEIPTS.  Edited  by  Charlbs  W.  Quin.  zamo. 
IS,  6d.  cloth  limp. 

Market  Gardening. 

MARKET  AND  KITCHEN  GARDENING.  By  Contributors 
to  "The  Garden."  Compiled  by  C.  W.  Shaw,  late  Editor  of  *' Gardening 
Illustrated."    lamo  3s.  64.  cloth  boards. 


CROSBY  LOCKWOOD  <!-  SOS'S  CATALOGVB. 


AMuiulolIp 
u.Od.clotb. 


A.ueUoneer'B  Aaslatant. 

THE  APPRA  tSER.  A  UCTIONEER.  BROKER.  HOUSE  AND 
ESTATE  AGENT  AND  VALVRR'S  POCKET  ASSIST/tST,1mtii»VtXa^ 
una  for  Puichue,  Sale,  oi  Renewgil  d(  Leua.  Annoitie*  Knd  Rnertiailm,  aod 
o(  propenr  geDeraJlr;  wiita  Piic«  for  InTBnioriu.  Ac  Bt  Johr  V/kweimm, 
Valiui,  tK.  Siilh  BdliioD,  Re-writlea  ud  gisulr  uUBiIad  Iqp  C.  Nouo^ 
_SDrTByw,  VilooTjAc.    Rqya]  3imD,  )i.  "'o'*'-      .   , ,  .      

AUCTIONEERS :    THEIR  DUTIES  AND    LIABIUTIES. 

cUaiKQdCoaaselforllieroaDcAacdoD         ~    " 
r.  Second  EdiiioD,  RiTUad  uirTpactly  Bi 

Inttmott's  Eat  ate  Tables. 

TABLES  FOR  THE  PURCHASING  OF  ESTATES. 
Cofylioli.ar  LiavkBtd:  Aimiiilia, Adt«mioia,itc.,tiDi  lot  Iha  Roairtiuai 
Leties  taeld  DoderCalbednl  Cborcfaei.CollccM.eralhM'OarppniaboAi 
"  Llvm;  ilu  for  Valnlnc  RevanaanuT 
OEentatioiu,  &C. ;  lOBsther  with  Siur^ 
ud  u  SiiaaiKia  (rf^ihe  auna  W  Loww 
WOOD.  t4lli  Bditioa,  with  nmuMwihk 
])»  of  Lc^Brilbnu  for  ths  nKvB  IHfiealt 
y,  Diiconnl.  Anauidat,  Ac,  br  M.  FnM» 


Agricultural  Valuer's  Asaistant. 

THE  AGRICULTURAL   VALUER'S  ASSISTANT.     A  Ptk- 

tical  Haadbook  on  ihe  VslualioD  af  Landed  EiUiUa:  Inclndlng  RoIm  ud 
Diu  for  Messiuing  and  Eilimalmg  Ibe  Conlenu.  WelghuTuS  Vdaa  of 
ARriCQllaril  Produce  and  Tlmbei,  and  Che  Value!  of  Psedliw  Stnb. 
MiQures,  and  Laboar;  witb  Fonns  of  Tenant- Righl-ValoBIloD*,  LUob) 
Local  Agricv'—'  " ^— i---^ ^ .,...._  ._....       . 


Plantations  and  Underwoods. 

POLE  PLANTATIONS  AND  UNDERWOODS:  A  Pnetiol 
Handbook  on  Estimating  the  Coat  of  Forming,  RsDmtlnf .  lmEra*ia>,  and 
Grubbing  flsniationa  and  L'nderwoodt,  iliBir  ValnUioD  for  Pormn  al 
Tnuiiiei,  Rental,  Sale,  oi  Assesiment.  fir  Ton  BuoBT,  Antbo-  of 
"The  AerlcultHtal Value:  a  Aasi5Ianl,"  (tc.    Ctowo  Bvo,  31.  Eif.  ckiUi. 

e(  Ml  dolK  ad  e<  aiaosbtod  Mh^ 


48  CROSBY  LOCKWOOD  6*  SON'S  CATALOGUE. 

A  €)ofnplete  ESjHtotne  of  the  Laws  of  this  {JoufUry. 

EVERY  MAN*S  OWN  LAWYER:  A  Handy-Book  of  thb 
Principles  op  Law  and  Equity.  With  A  CONCISE  DICTIONARY 
OF  LEGAL  TERMS.  By  A  Barrister.  Thirty-second  Edition,  careftiUy 
Revised,  and  including  New  Acts  of  Psrliament  of  1894.  Comprising  the 
Local  Government  Act,  1894  (establishing  District  and  Parish  Conncils); 
Finance  Act,  1894  (imposing  the  New  Death  Duties)  \  Merchant  Skipping  Aeti 
1894 ;  Prevention  0/  Crueltv  to  Children  Act,  1894;  Budding  Societies  Act,  1894 ; 
Notice  0/ Accidents  Act,  1894 ;  Sale  of  Goods  Act,  1803 ;  Voluntary  ConveyamceM 
Act,  1893 ;  Married  Women^s  Property  Act,  1893;  Trustee  Act,  1893 ;  Fertiliser 
and  Fuding  Stuffs  Act,  i8qi;  Betting  and  Loans  (Infants)  Act,  189s:  Shop 
Hours  Act,  189a ;  Small  Holdings  Act,  189a;  and  many  other  important  new 
Acts.  Crown  8vo,  750  pp.,  price  Gi.  8d.  (saved  at  every  consultatiOD  I ), 
strongly  bound  in  cloth.  [Jmt  publsshed. 

*^*  The  Book  will  be  found  to  compriu  (amongst  other  matter) — 

THB  RIGHTS  AND  WRONGS  OP  INDIVIDUALS— LANDLORD  AND  THNAITT— VBMDOKS 
AND  PURCHASBRS— LBASBS  AND  MORTGAGES— PRINCIPAL  AND  AGENT— PARTNBKSHIP 
AND  COMPANIES— MASTERS,  SERVANTS,  AND  WOREMBN— CONTRACTS  AND  ACRREMBNTS 

-BORROWERS.  Lenders,  and  Sureties— Sale  and  purchase  ok  goods— Chbqubs^ 
bills.  and  notes- bills  op  sale— bankruptcy— ka11.way  and  shipping  law— 
Life,  Firb,  and  Marine  Insurancb— accident  and  Fidelity  Insurance— Criminal 
Law—  parliamentary  Elbctions— County  Councils-Distkict  councils— Parish 
councils— municipal  Corporati(»(s  — Libel  and  Slander— public  Hbalth  and 
NuiSANCBS— Copyright.  Patents,  Tradb  Marks— Husband  and  Wipb— Divorcb— 
Dtp ancy— custody  of  Children— Trustbbs  and  Executors— Clergy,  Church- 
wardens, etc.— Game  Laws  and  Sporting— Innkbbpbrs—Horsbs  and  Dogs— Taxes 
AND  Death  duties— Forms  op  Agrbbmbnts,  wills.  Codicils,  Notices,  btc. 

1^  The  object  of  this  work  is  to  enable  thou  who  consult  it  to  help  them" 
selves  to  the  law;  and  thereby  to  dispense,  as  far  as  possible,  with  professional 
assista$tce  and  advice.  There  are  many  wrongi  CMd  grievances  which  persons  s«i6> 
mit  to  from  time  to  time  through  not  knowit^  how  or  where  to  apply  for  redress  ;  tmd 
many  persons  have  as  great  a  dread  of  a  lawyer's  office  as  of  a  /ton's  den.  With  this 
book  at  hand  it  is  believed  that  many  a  Six-and-Eightpbncb  may  be  saved;  many 
a  wrong  redresud  •  many  a  right  reclaimed;  many  a  law  suit  avoided ;  and  meaty 
an  evil  abated.  The  work  has  established  itself  as  the  standard  legal  adviser  of  aU 
classes,  and  has  also  made  a  reputation  for  itulf  as  a  useful  book  of  reference  for 
lawyers  residing  at  a  distance  from  law  libraries,  who  are  glad  to  have  at  ha$sa  a 
work  embodying  recent  decisions  and  enactments. 

*•*  Opinions  op  thb  Press. 

**  A  complete  code  of  English  Law,  written  In  pUln  language,  which  aD  can  imdentand. 
Ottld  be  In  the  hands  of  every  business  man,  and  aU  who  wish  to  aboUsh  lawyers'  biOs.    .    .    ." 

•TeMfTimu, 
"  A  useful  and  concise  epitome  of  the  law,  compflad  wtth  conrideiabie  cate."— £««  MagmMtna, 
"A  complete  digest  of  the  most  useful  facts  which  constitute  En^^Ush  \xw."—GMt, 
"  Admirably  done,  admirably  arranged,  and  admirably  th/trnp."— Leeds  MercHry. 

**  A  concise,  cheap  and  complete  epitome  of  the  English  law.  So  plainly  wflttcn  that  he  wtio 
IBBS  may  read,  and  he  who  reads  may  understand."— ^i^rw. 

"The latest  edition  of  this  popular  book  oupht  to  be  In  every  bustness  establishmeaL  *i»«t  tmt 
9wwjUhnryt»b\e."—Sfuff!eUPost.  --»,  « 

"  A  complete  epitome  of  the  law ;  thoroughly  Intelligible  to  non^professkmal  readers." 

Belfsl4/k, 

litgal  Guide  for  JPaumlMrokers, 

THE  LAW  OF  LOANS  AND  PLEDGES.  With  Statutes 
and  a  Digest  of  Cases.  By  H.  C.  Folkard,  Esq.,  Barrister-at-Law.  Fcap 
8vo,  3*.  6d.  cloth. 

27^  Law  of  Contracts, 

LABOUR  CONTRACTS :  A  Popular  Handbook  on  the  Law 
of  Contracts  for  Works  and  Services.  By  David  Gibbons.  Fourth  Edition. 
Appendix  of  Statutes  by  T.  F.  Uttley,  Solicitor.    Fcap,  8vo,  35. 6d,  cloth! 

Hie  Factory  Acts. 

SUMMARY  OF  THE  FACTORY  AND  WORKSHOP  ACTS 
(1878-1891).  For  the  Use  of  Manufacturers  and  Managers.  By  Emilb 
Garcke  and  J.  M.  Fells.  (Reprinted  from  '•  Factory  Accounts.'')  Crown 
Bvo,  6d.  sewed. 

OODBN.  8MALB  AMD  CO.  UMXTBD,  PBIMTBBS.  ORBAT  aAFrROM  "tTrT,.  B.C. 


7meiiW$  UurfimentatSi  Sbevit$, 


LONDON,  1862, 
THE  PRIZE  medal' 


WEALE'S    SERIES^ 


RUDIMENTARY  SCIENTIFICEDUCATIONAL, 
AND  CLASSICAL. 

Cimpmng  ntarlr  Tkm  Hvnind  and  Fifty  dul 


f^  "  WEALE'5  SERIES  iacludes  Text-Books  on  almost  everf  bnochof 
Science  and  Industry,  comprising  such  subjects  as  Agriculture.  Arcbiteclim 
Mkd  Building,  Civil  Engineering,  Fine  Acts,  Mechanics  and  Uechanical 
Engineeriag,  Physical  and  Chemical  Science,  and  many  miaceUaneoua 
Treatises.  The  whole  are  constantly  undet^oin^  revision,  and  new  edltioo*. 
brought  op  to  the  latest  discoveries  in  scientiBc  research,  are  constanllj 
Iwued,  The  prices  at  which  they  are  sold  ore  as  Ion  as  their  eicaUence  la 
Mmred."— .ImtriMK  Literary  Gaulle. 

"Amongst  the  literature  of  technical  education,  Wbale's  Si  RIBS  has  ever 
Mijoyed  a  high  reputation,  and  the  additions  being  made  by  Messn,  Crossy 
LOCKWOOD  lit  Son  render  the  series  more  complete,  and  bring  the  inlorma- 
Bon  upon  the  several  subjects  down  to  the  present  time."— M mii^  journal. 

"  It  is  not  too  much  to  say  that  no  books  have  ever  proved  more  popular 
with,  or  more  useful  to,  young  engineers  and  others  than  the  eicelleni 
treatises  comprised  in  Whale's  Series,"— E»«i»«r. 

"  The  excellence  of  WBALB's  Series  is  now  so  well  appreciated,  that  it 
would  be  wasting  our  space  to  enlarge  upon  their  general  usefulness  and 
value."— Bui  Wer. 

"The  volumes  of  WEALE'S  Series  form  one  of  the  best  collectioni  of 
elementary  technical  books  in  any  language." — Archittcl. 

"WEALE'S  SERIES  has  become  a  standard  as  vrell  ai  an  unrivalled 
GOllection  of  treatises  in  all  branches  of  art  and  science." — PtiMU  Opinion. 

PHILADELPHIA,  1876, 
THE    PRIZE    MEDAL, 

Was  awuded  to  the  Publiihsim  for 

Booki ;  BadliBant4r7,  Sciantille, 

"WEALE'S  SERIES,"  ETC. 

CROSBY    LOCKWOOD    &    SON. 

,    STATIONERS'    HALL    COURT,    LUnOATE   HILL,    LONDON,    1 

*t!*Catakguts  post  free  on  applUalion. 


WEALE'S  RUDIUXNTARY  SERIES. 

WEALE'S  aTTSIUEVTABT  8CIKSTIFIC   8EBIS8. 


CIVIL  ENGINEERING,  SURVEYING,   ETC 


iS-  TJ§^°  SLASTJJv'g"" 


AND    QU4RRYING    OF   STONB,   fa 

"    ^«ll.  Sir  J.  Bg^oOYBB,  Bart.      ».  6d. 

RON  GIRDER  S/{/Z?GBS.fm- 
tni  Conny  Tnbatai  Bridge*.    Br  0. 

44.  FOaNKiT/ON^AND'cONCliMTE  tVORKS.  with  Pracdol 

Rsmulu  on  Footinn,  Sand,  Concrate,  Itfton,  Pils-driviiiB,  Cunou,  nl 

rCofferdun!.  ic.    Uy^.  DoBJDK.    SevHilh  Edilioo.    n.6d. 

60.  LAND  AND  Bl^GINEBRING  SURVEYING     By  T.  BazK 

C.K.      Fiflrnth  Edition,  feiiird  br  PrDfrnoi  J.  B.  Yoctia.     u.l 

80«.  BMBANKtbiG   LANDS  FROM  THE  SEA.     With  examptei 

1,  ftc.    HyJ.  Wiooms,  F.G^  » 


r  ictuit  Eaibadkiai 


81.  WATER  WORKS,  for  the  Supply  of  Cities  and  Towns.  WA 
■  DcfcriplioB  of  tlic  PriniTipil  GooWral  FDmulioDi  of  Bnirlud  «  >• 
(lu™ringRi.ppliMofWaler,«.c.    By  ST  HiToHms,  C.E.    N™  BdiDMi.    4M 

118.  C/F/i  ENG.SEERING  IN  NORTH  AMERICA,  a  Sketift 
of.     BiDavio  SfBviNMH,  F.R.S.S.,  »c.    Plale.  nod  Di»KT«nit    31. 

.67.  /AO//  BRIDGES,  GIRDERS.  ROOFS,  AND  OTHER 
WORKS.    B7Fb*iictsC»iipii..C.E.    ».6d.t 

197,  ROADS  AND  STREETS.     By  H.   Law,    C.E.,    levised   and 


A.phil 

SAi^r. 


._d  br  D.  K.^_i 


[,  C.E..  includiDf 


of  Stone,    Wood, 


joj.  SASlIARi  WORK m  THE  SMALLER  TOWNS  AND  tS 

VlLUlGtS.    BtC.Slaoo.A.M.I.C.H.    Rcviwd  Edition.     >i.l 
au.  GAS-WORKS,  THEIR  CONSTRUCTION  AND  ARRANGE- 

ilENi  ;  and  Ilia  liUiiufactura  and  Diitribution  of  Coal  Gui.     OHiJnallT 
nrilleo  bT  SAUtiBL  MfGHis.  C.E.    Rs-wcilten  sod  enljuged  by  WiuiAH 
RicMUDS,  C.E.    Eighth  Edition,  with  imporunt  additions.     ».  M.: 
ilj.  PIOAEER  ENGINEERING.     A  Tiealise  on  the  Engineetint 

ln«!*  BieTwUhd  DnnUs,  A.i™-.  loit.  C.E.    41.  M-t  '        "" 

il6.  MATERIALS  AND  CONSTRUCTION ;   A  Theoretical   u^ 

Practical  Treatiie  on  the -Slnini.  DnigninE.and  Enction  ofWotki  of  CsB- 

■truction.  Bi  FsANCic  Cahpih,  C.E.    SocondSdiliao.  mued.    js4 
J19.  CIVIL    ENGINEERING.      By   Henry    Law,   M.Inst.   C.K. 

IncludiDf  HvDKAUuc  ENDiHiEXINa  by  Gio.  R.  BunNaiL,  M.Inil.  C.K. 

Scvrnth    Edition,   rcTiiisI,  with  larga  additions  by  D,   Eihikah  Cuu, 

j68.  the  drainage  OF  LAaB's,  TOWNS,  &■  BUILDINGS. 
ByG.  D.  DiMKir.  C.E.  Roriii^irllh  larEeAddilionsoa  Recent  rracEic* 
in  Dtaina«>EnE>ni!aine,brD.  Kihhbar  Cuik, M.I.C.E.  Second  EditlsB. 

C-rrwlnf    4a.6d.l 

HT     IhiiiHjKatatlUitlkriexvh.  m«}  il  liiul llnmgfy  Brmmdal^iL  titn. 
1OI«D0t»:    CROSBY  LOCKWOOD    AND   SON, 


wkale's  rudimkntary  series. 


MECHANICAL  ENGINEERING,   ETC. 

33.  CRANESf  the  Constructioii  of,  and  other  Machinery  for  Rilling 

Heavy  Bodies.    By  Joskph  Glynn,  F.R.S.    Illactrated.    is.  6d. 

34.  THE  STEAM  ENGINE.  By  Dr.  Lardner.  Illastrated.   I8.6d. 

59.  STEAM  BOILERS:  their  Construction  and  Management.    By 
R.  Armstrong,  C.E.  •Illustrated,    is.  6d. 

82.  THE  POWER  OF  WATER,  as  applied  to  drive  Flour  Mill% 
and  to  rive  motion  to  Turbines,  &c.    By  Josbph  Glynn,  F.R.S.    as.t 

98.  PRACTICAL  MECHANISM,  the  Elements  of;  and  Machine 

Tools.    By  T.  Bakbr,  C.E.    With  Additions  by  J.  Nasmytu,  C.E.    ts.  6d.l 

139.  THE  STEAM  ENGINE,  a  Treatise  on  the  Mathematical  Theoij 

of,  with  Rules  and  Examples  for  Practical  Men.   By  T.  Bakbr,  C.E.    it.  6dl 

164.  MODERN  WORKSHOP  PRACTICE,  as  appUcd  to  Steam  En- 

fines.  Bridges,  Ship-building.  8cc.  By  J.  G.  Winton.  New  Edition.  %%,  6d.| 

165.  IRON  AND  HE  A  T,  exhibiting  the  Principles  concerned  In  the 

Construction  of  Iron  Beams,  Pillars,  and  Girders.    By  J.  Armour,    ss.  6d.l 

166.  POWER  IN  MOTION:  Horse-Power,  Toothed- Wheel  Gearing, 

Long  and  Short  Driving  Bands,  and  Angular  Forces.  By  T.  Armour,  at.| 
171.  THE     WORKMAN'S     MANUAL     OF    ENGINEERING 

DRAWING.  BvJ.Maxton.   7th  Edn.   With  7  Plates  and  350  Cnto.  3s.  6d.| 
190.  STEAM    AND    THE    STEAM  ENGINE,  Stationary    and 

Portable.    By  J.  Sbwbll  and  D.  K.  Clark,  C.E.    3s.  6d.| 
too.  FUEL,  its  Combustion  and  Economy.     By  C.  W.  Williams. 

With  Recent  Practice  in  the  Combustion  and  Economy  of  Fuel — Coal,  Coke, 
Wood,  Peat,  Petroleum,  &c.— by  D.  K.  Clark,  M.I.CE.    3s.  6d.l 

102.  LOCOMOTIVE  ENGINES.  By  G.  D.  Dbmpsey,  C.E. ;  with 
large  additions  by  D.  Kinnear  Clark,  M.I.C.E.    3S.I 

211.  THE  BOILERMAKER'S  ASSISTAN7  in  Drawing,  Tem- 
plating,  and  Calculating  Boiler  and  Tank  Work.  By  John  Courtnst, 
Practical  Boiler  Maker.   Edited  by  D.  K.  Clark,  C.E.    xoo  Illustrations,  ss. 

117.  SEWING  MACHINERY :  Its  Construction,  History,  &c.,  with 
full  Technical  Directions  for  Adjusting,  8cc.   By  J.  W.  Urquuart,  C.E.  ss.| 

223.  MECHANICAL  ENGINEERING.  Comprising  Metallurgy, 
Moulding,  Casting,  Forsing,  Tools,  Workshop  Machinenr,  Mann£scture  ol 
the  Steam  Engine,  8cc.    By  Francis  Campin,  C.E.    Third  Edition,    ss.  6d.l 

236.  DETAILS   OF  MACHINERY.     Comprising  Instructions  for 
•        the  Execution  of  various  Works  in  Iron.    By  Francis  CAMPZN,tC.E.    inJt 

237.  THE  SMI2HY  AND  FORGE;  including  the  Farrier's  Art  and 

Coach  Smithing.    By  W.  J.  £.  Cranb.    Illustrated,    ss.  6d.| 

238.  THE  SHEET-METAL  WORKER'S  GUIDE;  a  Practical  Hand- 

book for  Tinsmiths,  Coppersmiths,  Zincworkers,  Su:.    With  94  Diagrams  and 
Working  Patterns.    By  W.  J.  E.  Cranb.    Third  Edition,  revised,    is.  6d. 

251.  STEAM  AND  MACHINERY  MANAGEMENT:  with  Hints 
on  Construction  and  Selection.    By  M.  Powis  Balb,  M.I.M.E.    ss.  6d4 

254.  THE    BOILERMAKER'S    READY-RECKONER.      By  J. 

Courtnby.     Edited  bv  D.  K.  Clark,  C.E.    m. 
♦,•  Not.  211  and2S^  tn  One  Vol.y  half- bound, entitled**  ThbBoilkrmakbr'sRbady- 
Rbckonkr  and  Assistant."    By  J.  Courtney  and  D.  K.  Clark.    7s. 

255.  L0C0M02IVE  ENGINE-DRIVING.    A  Practical  Manual  for 

Engineers  in  charge  of  Locomotive  Engines.  By  Michabl  Reynolds,  M.SJB. 
Ninth  Edition.    38.  6d.,  limp ;  4s.  6d.  cloth  boards. 

256.  STATIONARY  ENGINE^DRIVING.    A  Practical  Manual  for 

Engineers  in  charge  of  Stationary  Engines.    By  Michabl  Rbynolds,  M.S.B. 
Fourth  Edition.    3s.  6d.  limp ;  4s.  6d.  cloth  boards. 

260.  IRON  BRIDGES  OF  MODERATE  SPAN:  their  Construc- 
tion and  Erection.    By  Hamilton  W.  Pbndrbd,  C.E.    as. 

%<e'    The  t  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d.  extra. 

*■'  ■  ■■■■■  ■»^l  »■■■■  B-^— ^  ^i^^^P^— — ^^     ^ 

7,    STATIONERS*    HALL   COURT,    LUDGATE   HILL,    E.C. 


wealb's  rudimentary  series. 


MINING,    METALLURGY,    ETC. 

4«  MINERALOGY^  Rudiments  of;  a  concise  View  of  the  GenenI 
PropKerties  of  Minerals.  By  A.  Ramsay,  F.G.S.,  F.R.G.S.,  &c.  Foartit 
Edition,  revised  and  enlarged.    Illustrated.    3s.  6d.t 

117.  SUBTERRANEOUS  SURVEYING,  with  and  without  the  Mag- 
netic  Needle.    By  T.  Fbnwick  and  T.  Baker,  C.E.    Xllustrated.    as.  6d.  % 

135.  ELECTRO-METALLURGY ;  Practically  Treated.  By  Alex- 
ANDRR  Watt.  Tenth  Edition,  enlarged,  with  additional  Illustrations,  and 
including  the  most  recent  Processes.    3s.  6d.t 

171.  MINING  TOOLS,  Manual  of.     For  the  Use  of  Mine  Managen, 
Agents,  Students,  See.    By  William  I^Iorgans.    ^%.  6d.' 
\1%\  MINING  TOOLS,  ATLAS  ot  Engravings  to  Illustrate  the  above, 
containing  955  Illustrations,  drawn  to  Scale.   4to.    4s.  6d. 

176.  METALLURGY  OF  IRON,  Containing  History  of  Iron  Manu- 
facture, Methods  of  Assay,  and  Analyses  of  Iron  Ores,  Processes  of  Manu- 
facture of  Iron  and  Steel,  &c..  By  H.  Baubrman,  F.G.S.  Sixth  Edition, 
revised  and  enlarged.    5s.t 

180.  COAL  AND  COAL  MINING.  By  the  late  Sir  Warington  W. 
Smyth,  11.A.,  F.R.S.  Seventh  Edition,  revised.  3s.  6d.t 

195.  7HE  MINERAL  SURVEYOR  AND  VALUER*S  COM- 
PLETE  GUIDE.  By  W.  Lintbrn,  M.E.  Third  Edition,  including  Mag- 
netic and  Angular  Surveying.    With  Four  Plates.    3s.  (A,X 

114.  SLATE  AND  SLATE  ^C/'-4^y?KW6^,  ScienUfic,  Practical,  and 
Commercial.    By  D.  C.  Davies,  F.G.S.,  Mining  Engineer,  8tc.    3s4 

164.  A  FIRST  BOOK  OF  MINING  AND  QUARRYING,  with  the 
Sciences  connected  ther*^'.  tth,  for  Primary  Schools  and  Self  Instruction.  By 
J.  H.  CoLUNS,  F.G.S.    Second  Edition,  with  additions,    is.  6d. 


ARCHITECTURE,  BUILDING,  ETG- 

16.  ARCHIIECTURE^ORDERS—The  Ordere  and  their  /Esthete 

Principles.    By  W.  H.  Lbkos.    Illustrated,     is.  6d. 

17.  ARCHITEC7URE— STYLES— The  History  and  Description  of 

the  Styles  of  Architecture  of  Various  Countries,  from  the  Earliest  to  tht 
Present  Period.    By  T.  Talbot  Bury,  F.R.I. B. A., ^kc.    Illustrated,    as. 
%•  Orders  and  Styles  op  Architrcturb,  in  One  Vol.,  3*.  6d. 

18.  ARCHITECTURE— DESIGN— The   Principles    of  Design    in 

Architecture,  as  deducible  from  Nature  and  exemplified  in  the  Works  of  Ibe 

Greek  and  Gothic  Architects.  ByE.L.  Garbett,  Architect.  Illustrated.  ss.6d. 

*«*  Th€  three  precedintr   Works,   in  One   handsome   Vol,,  half   bound,    ttUiiied 

**  Modern  Architecture," /rrir*  6*.',* 

tt.  THE  ART  OF  BUILDING,  Rudiments  of.  General  Principles 
of  Construction,  Materials  used  in  Building^  Strength  and  Use  of  Matenals, 
Working  Drawings,  Specifications,  and  Estimates.     By  E.  Dobson,  as.t 

%l.  MASONRY  AND  STONECUTIING :  Rudimentary  Treatise 
on  the  Principles  of  Masonic  Projection  and  their  application  to  Con- 
struction.   By  Edward  Dobson,  M.R.I. B.A.,  &c.    28.  6d.t 

42.  COTTAGE  BUILDING.     By  C.    Bruce    Allen,  Architect 

Eleventh  Edition,  revised  and  enlarg^.  With  a  Chapter  on  Economic  Cottages 
for  Allotments,  by  Edward  E.  Allbn,  C.E.    2s. 

45.  LIMES,  CEMENTS,  MORTARS,  CONCRETES,  MASTICS, 
^PLASTERING,  &c.    By  G.  R.  Burnell,  C.E     Fourteenth  Edition,  is.  6d 

57.  WARMING  AND  VENTILATION.  An  Exposition  of  the 
General  Principles  as  applied  to  Domestic  and  Public  Buildings.  Mines, 
Lighthouses,  Ships,  Ice.    By  C.  Tohunson,  F.R.S. ,  See.    Illustratea.    js. 

III.  ARCHES,  PIERS,  BUTTRESSES,  6rc.:  Experimental  Essay* 

on  the  Principles  of  Construction.    By  W.  Bijvnd.    Illustrated,    is.  6d. 
The  t  indicates  that  these  vols,  may  bt  had  strongly  bound  at  dd.  extrm. 
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Architecture,  Building,  etc.,  continued, 

Ii6.  THE  ACOUSTICS  OF  PUBLIC  BUILDINGS;  or.  The 
Principles  of  the  Science  of  Sound  applied  to  the  purposes  of  the' Architect  and 
Builder.    By  T.  Koghr  Smith,  M.K.I.B.A.,  Architect.    Illustrated.    is.6d. 

127.  ARCHITECTURAL  MODELLING  IN  PAPER,  the  Art  ot 

By  T.  A.  Richardson,  Architect.    Illustrated,    is.  6d. 

128.  VITRUVIUS  —  THE     ARCHITECTURE     OF     MARCUS 

VITRbVIUS  POLLO.     In  Ten  Books.     Translated  from  the  Latin  bf 
Joseph  Gwilt,  F.S.A.,  F.R.A.S.    With  23  Plates.    5s. 
130.  GRECIAN  ARCHaTECTORE,  An  Inquiry  into  the  Principles 
of  Beauty  in ;  with  an  Historical  View  of  the  Rise  and  Progress  of  the  Art  in 
Greece.     By  the  Earl  of  Aberdbbk.    xs. 
*•*  Thg  iwoPrtcedin^  l^orks  in  One  handsome  VoL,  half  bvund^  entitled  "Amcxxnt 

Architbcturb,"  M^e  6s, 

132.  THE  ERECTiON  OF  DWELLING-HOUSES,  Illustrated  ly 
a  Perspective  View,  Plans,  Elevations,  and  Sections  of  a  pair  of  Send- 
detached  Villas,  with  the  Specification,  Quantities,  and  Estimates,  ftc.  By 
S.  H.  Brooks.    New  Edition,  with  Plates,    as.  6d.l 

156.  QUANTITIES  dr*  MEASUREMENTS  in  Bricklayers',  Masoni', 
Plasterers',  Plumbers*,  Painters',  Paperhangers',  Gilders*,  Smiths*,  Carpenten' 
and  Joinen*  Work.    By  A.  C.  Beaton,  Survtqror.    Ninth  Edition,     zs.  6d. 

175.  LOCKWOOD'S  BUILDER'S  PRICE  BOOK  FOR  1895.  A 
Comprehensive  Handbook  of  the  Latest  Prices  and  Data  for  Bvilden. 
Architects,  Engineers,  and  Contractors.  Re-constructed,  Re-written,  ana 
further  Enlarg^.  By  Francis  T.  W.  Miller,  A.R.I.B.A.  800  pages. 
4s.,  cloth  boaras. 

182.  CARPENTRY  AND  JOINERY— Tu^  Elementary   Priw- 

ciPLRS  OP  Carpentry.  Chiefly  composed  from  the  Standard  Work  of 
Thomas  Trbdgold.  C.E.  With  a  TREATISE  ON  JOINERY  by  E. 
Wyndham  Tarn.  M.A.    Fifth  Edition,  Revised,    js.  6d.f 

i82».  CARPENTRY  AND  JOINERY.  ATLAS  of  35  Plates  to 
accompany  the  above.  With  Descriptive  Letterpress.  4to.  6s. 
185.  THE  COMPLETE  MEASURER  ;  the  Measurement  of  Boaid% 
Glass.  Su:.;  Unequal -sided,  S<]uare-sided,  Octagonal^sided,  Round  Umbagr 
and  Stone,  and  Standing  Tmiber,  8cc.  By^  Richard  Horton.  FifUi 
Edition.     4s. ;  strongly  bound  in  leather,  5s. 

187.  HINTS  TO   YOUNG  ARCHITEC2S.     By  G.  WiGHXWlCK. 

New  Edition.    By  G.  H.  Guillaumb.    Illustrated,     ts.  6d.t 

188.  HOUSE  PAINTING,  GRAINING,  MARBLING,  AND  SIGH 

l^R/T/NG:  with  a  Course  of  Elementary  Drawing  for  House- Painters,  Sign- 
Writers,  8tc.,  and  a  Collection  of  Useful  Receipts.  By  Elus  A.  DAviDSOit. 
Sixth  Edition.   With  Coloured  Plates.    5s.  clotn  limp  ;  6s.  cloth  boards. 

189.  THE   RUDIMENTS    OF    PRACTICAL    BRICKLAYING, 

In  Six  Sections:  General  Principles;  Arch  Drawing,  Cutting,  and  Setting: 
Pointing;  Paving,  Tiling,  Materials;  Slating  and  Plastering;  Practical 
Geometry,Mensuration,  8cc.    By  Adam  Hammond.    Eighth  Edition,   xs.  6d. 

191.  PLUMBING,    A  Text-Book  to  the  Practice  of  the  Art  or  Craft  of 

the  Plumber.  With  Chapters  upon  House  Drainage  and  Ventilation.  Sixth 
Edition.    With  380  Illustrations.    By  W.  P.  Buchan.    3s.  6d.t 

192.  THE   TIMBER   IMPORTER'S,  TIMBER  MERCHANTS^ 

and  BUILDER'S  STANDARD  GUIDE.     By  R.  B.  Grandy.    ss. 

S06.  A  BOOK  ON  BUILDING,  CivU  and  Ecclesiastical,  indadiiiB 
Church  Rbstoration.  •  With  the  Theoiy  of  Domes  and  the  Great  Pynai^ 
&c.  By  Sir  Edmund  Bbcxbtt,  Bart.,  LL.D.,  Q.C,  F.R.A.S.    4s.  6d4 

226.  THE  yOINlS  MADE  AND  USED  BY  BUILDERS  in  the 
Construction  of  various  kinds  of  Engineering  and  Architectural  Works.  By 
Wyvill  J.  Christy,  Architect.  With  upwardsof  160  Engravings  on  Wood,  ji.f 

228.  THE  CONSTRUCTION  OF  ROOFS  OF  WOOD  AND  IRON. 
By  £.  Wyndham  Tarn,  M.A.,  Architect.  Third  Edition,  revised,    is.  6d. 

The  X  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d,  extim, 
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Architecture,  Building,  etc.,  cofUinu€d, 

S39.  ELEMENTARY  DECORATION:  as  applied  to  the  Interior 
and  Exterior  Decoration  of  Dwelling^HooMt,  Itc.     uj  J.  W.  Facsy.    is. 

157.  PRACTICAL  HOUSE  DECORATION.    A  Guide  to  the  Art 

of  Omamenul  Painting.    By  Jambs  W.  FAonr.    as.  6d. 
%•  Th4  twoprncedinj  Warkt,  in  Ont  handsomt  Vol.^  kalf'bommd,  enMltd*'  Houaa 

DaCORATION*  ELBMUfTARY  AND  PRACTICAL."  /rirr  U. 

«30.  A  PRACTICAL  TREATISE  ON HANDRAILING,  Showing 
New  and  Simple  Methods.  By  G.  Colunos.  Second  Edition,  Re«iae( 
inclttdins  A  Trratisb  on  Stairbuildino.    Plates.    2s.  6d. 

547.  BUILDING  ESI ATES  :  a  Rudimentary  Treatise  on  the  Develop- 

ment, Sale,  Purchase,  and  General  Management  of  Building  ;Land.     By 
FowLBR  Maitland,  Surv^or.    Second  Edition,  revised,     ss. 

548.  PORTLAND  CEMENT  FOR   USERS.    By  Henry  Faija, 

Asioc.  M.  Inst.  C.E.    Third  Edition,  corrected.    Illustrated,    ss. 

152.  BRICKWORK :    a  Practical  Treatise,   embodving  the  General 

and  Higher  Principles  ot  Bricklaying,  Cutting  and  Setting,  flee     By  F. 

Walkbr.    Third  Edition,  Kerised  and  Enlaived.    xs.  6d. 
13.  THE  PRACTICAL  BRICK  AND  TILE  BOOK.  Comprismg: 
■•9.      Brick  and     iui  Making,  by  E.  Dobson,  A.I.C.E.;  Practical  Briouay* 
165.      iNO,  by  A  H  MMOND ;   Brickcuttino  and  Sbttino,  by  A.  Hammond.    534 

Dp.  with  S70  Illustrations.    6s.    Strongly  half-bound. 

153.  2%ff    TIMBER   MERCHANT'S,   SAfV-MILLER'S,   AND 

IMPORTER'S  FREIGHT-BOOK  AND  ASSISTANT.    By  Wm.  Rich- 
ardson.   With  Additions  by  M.  Powis  Balb,  AJ^Inst.CE.    3S.I 

158.  CIRCULAR    WORK  IN   CARPENTRY  AND    WINERY. 

A  Practical  Treatise  on  Circular  Work  of  Single  and  Double  Corratnze. 
By  Gborgb  Collinos.    Second  Edition,  as.  6d. 

159.  GAS   FITTING:    A  Practical    Handbook    treating    of  every 

Description  ofGasLajriog  and  Fitting.  By  T.  Black.  Second  Edition.  9s.6d4 
S6l.  SHORING  AND  ITS  APPLICATION:  A  Handbook  for  the 

Use  of  Students.    By  Gborgb  H.  Bijiorovb.    is.  6d. 
165.  THE  ART  OF  PRACTICAL  BRICK  CU2  TING  ^  SETTING. 

By  Adam  Hammond.    With  00  Engravings,    is.  6d. 
167.  THE  SCIENCE  OF  BUILDING:  An  Elementary  Treatise  on 

the  Principles  of  Construction.    By  E.  Wyndham  Tarn,  M.A.  Lond.   Third 

Edition,  Revised  and  Enlarged.    38. 6d.t 

171.  VENTILAiION:  a  Text-book  to  the  Practice  of  the  Art  of 

Ventilating  Buildings    By  W.  P.  Buchan,  R.P.,  Sanitary  Engineer,  Authm 

of  "Plumbing,"  fltc.    j8.6d.t 
t7«.  ROOF  CARPENTRY ;  Practical  Lessons  in  the   FVaming  of 

Wood  Roofs.    For  the  Use  of  Working  Carpenters.    By  Gbo.  Colunos, 

Author  of  "  Handrailing  and  Stairbuilding,"  8cc.    as. 

173.  THE  PRACTICAL  PLASTERER  :  A  Compendium  of  Plain 
and  Ornamental  Plaster  Work.    By  Wilfrbd  Kemp.    ss. 


SHIPBUILDING,   NAVIGATION,   ETC- 

51.  NA  VAL  ARCHITECTURE.    An  Exposition  of  the  Elementary 
Principles.    By  J.  Pbakb.    Fifth  Edition,  with  Plates.    3s.  6d.t 
S3*.  SHIPS  FOR  OCEAN  6*  RIVER  SER  VICE,  Elementary  and 
Practical  Principles  of  the  Construction  of.    By  H.  A.  Sommbrfbldt.   xs.  6d. 
$3**.  AN  ATLAS  OF  ENGRA  VINGS  to  Illustrate  the  above.  Twelve 
large  folding  plates.    Royal  4to,  cloth.    7s.  6d.  ' 
54.  MASTING,  MASl'MAKJNG,  AND  RIGGING  OF  SHIPS, 
Also  Tables  of  Spars,  Rigging,  Blocks ;  Chain,  Wire,  and  Hemp  Ropes 
8tc.,  relatire  to  eveiy  class  01  vessels.    By  RoeBRT  Kippino,  N.A.    ts.. 

The  X  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d.  extra. 
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Shipbuilding,  Navigation,  Marine  Engineering,  etc.,  cont, 

54*.  IRON  SHIP-BUILDING,  With  Practical  Examples  and  Details. 
By  John  Grantham.  C.E.    Fifth  Edition.    41. 
55.  THE  SAILOR* S  SEA  BOOR:   a    Kudimentaiy  Treatise   on 
Navigration.    By  Jambs  Greenwood,  B.A.    With  numerous  Woodcuts  and 
Coloured  Plates.    New  and  enlarged  edition.    Hy  W.  H.  Kossbr.    as.  6d.t 
80.  MARINE  ENGINES  AAD  STEAM  VESSELS,    By  Robert 
Murray,  C.E.    Eighth  Edition,  thoroughly  Revised,  with  Additions  by  the 
Author  and  by  George  Caruslb,  C.E.    4s.  6d.  limp j  5s.  cloth  boards. 
^bis,  THE  FORMS  OF  SHIPS  AND  BOATS,      By  W.  Bland. 

Ninth  Edition,  with  numerous  Illustrations  and  Models,  is.  6d. 

99.  NAVIGATION  AND  NAUTICAL  ASTRONOMY/mThtory 

and  Practice.    By  Prof.  J.  R.  Young.    New  Edition,    as.  6d. 

106.  SHIPS*  ANCHORS,  a  Treatise  on.   By  G.  Cotsell,  N.A.    is.  6d. 

149.  SAILS  AND  SAIL-MAKING.  With  Draughting,  and  the  Centre 

of  Effort  of  the  Sails ;  Weights  and  Sixes  of  Ropes :    Masting,  Rigging, 

and  Sails  of  Steam  Vessels,  &c.  ijth  Edition.  By  R.  Kipping,  N  JL,  2m.  6d4 

155.  ENGINEER* S  GUIDE  TO  THE  ROYAL  6*  MERCANTILE 

NAVIES.    By  a  Practical  Enginber.    Revised  by  D.  F.  M'Carthy.    jt. 

5c    PRACTICAL    NAVIGATION.      Consisting    of  T^e    Sailor's 


Sea-Book.     By  Jambs  Greenwood  and  W.  H.  Rossbr.     Together  with 
.  ..    „  .. ,     .     _.  ^T     ..     ,  ^_.,  _  .      "1©  Working  of  tl 

7s.    Half-bound. 


rnr^M      the  requisite  Mathematical  and  Nautical  Tables  for  the  Working  of  the 
*"^'    Problems.    By  H.  Law,  C.E.,  and  Prof.  J.  R.  Young. 


AGRICULTURE,  GARDENING,  ETC. 

bi*.A  COMPLETE  READY  RECKONER  FOR  THE  AD  ME  A- 

SUREMENT  of  LAND,  8cc.     By  A.  Arman.    Fourth  EdiUon,  revised 
and  extended  by  C.  Nor r is.  Surveyor,  Valuer,  8cc.  as. 

131.  MILLER*S,  CORN  MERCHANTS,  AND  FARMER'S 
READY  RECKONER.  Second  Edition,  with  a  Price  LUt  of  Modem 
Flour-Mill  Machinery,  by  W.  S.  Hutton,  C.E.    as. 

140.  SOILS,  MANURES,   AND   CROPS.    (Vol.   i.  Odtonks  Of 

Modern  Farming.)    By  R.  Scon  Burn.    Woodcuts,    as. 

141.  FARMING  <&*  FARMING  ECONOMY,  Notes,  Historical  and 

Practical,  on.  (Vol.  a.  Outlines  of  Modern  Farming.)  By  R.Scott  Burn.  38. 

142.  STOCK;    CATTLE,    SHEEP,    AND    HORSES.      (Vol.    3. 

Outlines  op  Modern  Farming.)    By  R.  Scott  Burn.  Woodcuts,    as.  6d. 

145.  DAIRY,  PIGS,  AND  POULTRY,  Management  of  the.     By 

R.  Scott  Burn.    (Vol.  4.  Outunes  of  Modern  Farming.)    ast 

146.  UlILIZATION     OF     SEWAGE,     IRRIGATION,      AND 

RECLAMATION  OF  WASTE  LAND.    (Vol.  <.  Outlines  o»  Modbbm 
Farming.)    By  R.  Scott  Burn.    Woodcuts,    as.  6d. 
%*  Nos.  i40-i-a-5-6,  tn  One  Vol,,  handsomely  half-bound,  entitUd  '\OuTLllfBS  01 
Modern  Farming."    By  Robert  Scott  Burn.    Price  its. 

177.  FRUIT  TREES,  The  Scientific  and  ProfiUble  Culture  of.  From 
the  French  of  Du  P  <euil.  Revised  by  Geo.  Glbnny.  187  Woodcuts.  3s.  6d* 

198.  SHEEP;  THE  HISTORY,  SIR  UCTURE,  ECONOMY,  AND 
DISEASES  OF.      By  W.  C.   Spoonbr.  M.R.V.C..  Ice.    Fifth    EdiUoo, 
enlarged,  including  Specimens  ot  New  ana  Improved  Breeds.   3s.  6d.t 
101.  KITCHEN  GARDENING  MADE  EASY.    By  Geoeos  M.  F. 

Glrnny.    Illustrated,    is.  6d.t 
107.  OUTLINES  OF  FARM  MANAGEMENT,  and  ihi  Organu 

tation  of  Fat  m  Labour.    By  Ri  Scott  Burn.    as.  6d.t 
fo8.  OUTLINES    OF  LANDED   ESTATES  MANAGEMENT 
By  R.  Scott  Burn.   tt.  6d. 
*•*  Not.  ao7  £^  ao8  in  One  Vol.,  handsomely  half -hound,  eniHUd  "Outunbs  ov 
Landed  Estates  and  Farm  Management."    By  R.  Scott  Burn.    Price  6s. 

IbJ9~  The  i  indicates  thai  these  vols,  may  be  had  strongly  bound  at  6d,  extra, 
7,    stationers'   HALL  COURT,   LUDGATE   HILL,   E.C. 


8  WKALB'S    RUDIifSNTAKY   SlbKiJLS. 

Agriculture,  Gardening,  etc.,  continued. 

109.  7I/E   TREE  PLANTER  AND   PLANT   PROPAGATOR. 

A  Practical  Manual  on  the  Propag^ation  of  Forest  Trees,  Fruit  TreM, 
Flowering  Shrubs,  Flowering  Plants,  ttc.     By  Samuel  Wood.    ss. 

110.  THE  TREE  PR  ONER.    A  Practical  Manual  on  the  Pruning  of 

Fruit  TreeSf^  including  also  their  Training  and  Renovation ;  also  the  Pnminf 
of  Shrubs,  Climbers,  and  Flowering  Plants.    By  Samdu.  Wood.    is.  6d. 
%*  AW.  S09  £^  210  in  One  Vol.,  handsonuly  half- bound,  entitled  "The  Taas 
Plantbr,  Propagator,  and  Prunbr,"    By  Samuel  Wood.    Price  3*.  6d. 

ti8.  THE  HA  Y  AND  STRA  W  MEASURER  :  Being  New  Tabkf 
for  the  Use  of  Auctioneers,  Valuers,  Farmers,  Hay  and  Straw  Dealers,  ftc. 
By  John  Steele.    Fifth  Edition.  2s. 

tit.  SUBURBAN  FARMING.    The  Laying- out 'and  Cultivation  of 
Farms^  adapted  to  the  Produce  of  Milk,  Butter,  and  Cheese,  Eggs,  Poultry 
and  Pigs.    By  ProC  John  Donaldson  and  R.  Scott  Burn.    3s.  6d.t 

131  THE  ART  OF  GRAFTING  AND  BUDDING,  By  Cham.es 
Balibt.    With  Illustrations,    ss.  6d.l 

132.  COTTAGE  GARDENING;  or,  Flowers,  Fruits,  and  Vegetables 
for  Small  Gardens.    By  E.  Hobday,    is.  6d. 

«33.  GARDEN  RECEIPTS.    Edited  by  Charles  W.  Quin.    is.bd. 

134.  MARKET  AND  KITCHEN  GARDENING.  By  C.  W.  Shaw, 
late  Editor  of  **  Gardening  Illustrated."    3S.I 

•39.  DRAINING  AND  EMBANKING.  A  Practical  Treatise,  em- 
bodying  the  most  recent  experience  in  the  Application  of  Improved  Methods. 
By  JfoHN  Scott,  late  Professor  of  Agpriculture  and  Rural  Economy  at  the 
Royal  Agricultural  College,  Cirencester.    With  68  Illustrations,    lu  6d. 

t40.  IRRIGA  TION  AND  WA  7ER  SUPPL  V.  A  Treatise  on  Water 
Meadows,  Sewage  Irrigation,  and  Warping ;  the  Construction  of  Wells, 
Ponds,  and  Reservoirs,  kc.     By  Prof.  John  Scott.    With  34  lllus.  is.  6d. 

S41.  FARM  ROADS,    FENCES,    AND    GATES.      A    Practical 

Treatise  on  the  Roads,  Tramways,  and  Waterways  of  the  Farm;  the 
Principles  of  Enclosures ;  and  the  dififerent  kinds  of  Fences,  Gates,  and 
Stiles.     By  Professor  John  Scott.    With  75  Illustrations,    xs.  6d. 

142.  FARM  BUILDINGS.     A  Praclical  Treatise  on  the  Buildings 

necessary  for  various  kinds  of  Farms,  their  Arrangement  and  Construction, 
with  Plans  and  Estimates.    By  Prof.  John  Scott.    With  105  lllus.    tt. 

143.  BARN  IMPLEMENTS   AND    MACHINES.     A    Practical 

I'reutise  on  the  Application  of  Power  to  the  Operations  of  Agriculture:  and 
on  various  Machinesused  in  the  Threshing- bam,  in  the  Stock-yard,  and  in  the 
Dairy,  8ic.  By  Prof.  J.  Scoit.   With  123  Illustrations.  2s. 

244.  FIELD  IMPLEMENTS  AND  MACHINES.  A  Practical 
Treatise  on  the  Varieties  now  in  use,  with  Principles  and  Details  of  Con- 
struction, their  Points  of  Excellence,  and  Management.  By  Professor  Jobm 
Scott.    With  138  Illustrations,    ss. 

i45.  AGRICULTURAL  SURVEYING.     A  Practical  Treatise  on 

Land  Surveying,  Levelling,  and  Setting-out :  and  on  Measuring  and  Esti- 
mating Quantities,  Weights,  and  Values  of  Materials,  I^^duce,  Stock,  ftc 
By  Prof.  John  Scott.    With  62  Illustrations,    xs.  6d. 

%*  Noi.  239  to  245  in  One  Vol.,  handsomely  half-bound,  entitled  "  Thb  Complbti 
Trxt-Book  of  Farm  Enoimbbring."    By  Professor  John  Scott.    JMce  izs. 

•50.  MEAT  PRODUCTION.  A  Manual  for  Producers,  Distiibutora, 
&c.    By  John  Ewart.    as.  6d.t 

266.  BOOKKEEPING  FOR  FARMERS df  ESTATE  OWNERS. 
By  T.  M.  Woodman,  Chartered  Accountant,  as.  6d.  cloth  limp ;  js.  6d» 
clotn  boards. 


Ihe  t  indicates  that  these  vols  may  be  had  strongly  bound  at  6d.  extra. 


LONDON  :   CROSBY   LOCKWOOD   AND   SON, 


WEALK'S  RUDIMENTARY   SERIES. 


MATHEMATICS,    ARITHMETIC,   ETC. 

32.  MATHEMATICAL  INSTRUMENTS,  a  Treatise  on;  Their 
Construction,  Adjustment,  Testing,  and  Use  concisely  Explained.  By  J.  F. 
Heather,  M.A.  Fourteenth  Edition,  revised,  with  aaditions^  by  A.  T. 
Walmislby,  M.I.C.K.,  Fellow  of  the  Surveyors'  Institution.  Original  Edi- 
tion, in  X  vol.,  Illustrated.     2%.X 

%•  In  ortUring  the  above,  be  carejul  to  say^  "  Original  Edition  "  (No,  32),  to  d£$hm- 
guisk  it  from  the  Enlarged  Edition  in  3  vols.  {Not.  x68>9-70.) 

76.  DESCRIPTIVE  GEOMETRY,  an  Elementary  Treatise  on; 
with  a  I'hcory  of  Shadows  and  of  Perspective,  extracted  nt>m  the  French  oi 
G.  MoNGB.  To  which  is  added,  a  description  of  the  Principles  and  Ihractice 
of  Isomctrical  Projection.    By  J.  F.  Hbathbr,  M.A.    Witn  14  Plates,    ss. 

178.  PRACTICAL    PLANE    GEOMETRY :    giving    the    Simplest 

Modes  of  Constructing  Fisaires  contained  in  one  Plane  and  Geometrical  Con- 
struction of  the  Ground.  By  J.  F.  Heather,  M.A.  With  2x5  Woodcnts.  M. 

83.  COMMERCIAL  BOOK-KEEPING,   With  Commercial  Phrasci 

and  Forms  in  English.  French,  Italian,  and  German.    By  Jambs  Haddom, 
M.A.,  Arithmetical  Master  of  King's  College  School,  London,    xs.  6d. 

84.  ARITHAiETICy  a  Rudimentary  Treatise  on :  with  full  Explana- 

tions of  its  Theoretical  Principles,  and  numerous  Examples  for  Practice.     Bj 
Professor  J.  K.  YouNO.    Twelfth  Edition,    is.  6d. 
84*.  A  Key  to  the  above.  Containing  Solutions  in  full  to  the  Exercises,  UMrethes 
with   Comments,   Explanations,  and  Improved  Processes,  for  the  Um  of 
Teachers  and  Unassisted  Learners.    By  J.  K.  Youno.    xs.  6d. 

85.  EQUATIONAL  ARITHMETIC,  applied  to  Questions  of  Interest, 

Annuities,  Life  Assurance,  and  General  Commerce  ;  with  various  Tablet  b) 
which  all  Calculations  may  be  greatly  facilitated.    By  W.  Hipslby.    ss. 

86.  ALGEBRA,    the    Elements    of.      By  James    Haddon,    MJL. 

With  Appendix,  containing  miscellaneous  Investigations,  and  a  CollectioB 
of  Problems  in  various  parts  of  Algebra.    2S. 
86*.  A  Key  and  Companion  to  the  above  Book,  forming  an  extensive  repositoiy  oi 
Solved  Examples  and  Problems  in  Illustration  of  the  various  Expedients 
necessary  in  Algebraical  Operations.    By  J.  R.  Young,    is.  6d. 

88.  EUCLID,  The  Elements  of  :  with  many  additional  Propositions 

89.  and  Explanatory  Notes :  to  which  is  prefixed,  an  Introductory  Essay  'on 
Logic.    By  Henry  Law,  C.E.    ss.  6d.t 

•»•  Sold  also  iefarately,  vts.  : — 

88.  Eucud,  The  First  Three  Books.    By  Henry  Law,  C.E.    xs.  6d. 

89.  Eucuo,  Books  4,  5,  6,  ix,  12.    By  Henry  Law,  C.E.    is.  6d. 

9a  ANALYTICAL  GEOMETRY  AND  CONIC  SECTIONS 
By  Jambs  Hann.    A  New  Edition,  by  Professor  J.  R.  Youno.    ss.I 

91.  PLANE    TRIGONOMETRY,  the    Elements    of.     By  jAios 

Hann,  formerly  Mathematical  Master  of  King's  College,  London,    xs.  6d. 

92.  SPHERICAL  TRIGONOMETR  Y,  the  ElemenU  of.    By  JAMXS 

Hann.    Revised  by  Charles  H.  Dowuno,  C.E.    is. 
%*  Or  with  "The  Elements  0/ Plane  Tritpommtetry**  in  One  Volume,  u.  6d. 

93.  MENSURATION  AND  MEASURING.  With  the  Mensuration 

and  Levelling  of  Land  for  the  Purposes  of  Modem  Engineering.    By  T. 
Baker,  C.E.    New  Edition  by  E.  Nugent,  C.E.    Illustrated,    xs.  6d. 

lOi.  DIFFERENCIAL  CALCULUS,  ElemenU  of  the.    By  W.  S.  B. 
WooLHOusE,  F.R.A.S.,  8cc.    IS.  6d. 

102.  INTEGRAL  CALCULUS,  Rudimentary  Treatise  on  the.     By 
Hombrsham  Cox,  B.A.    Illustrated,    is. 

136.  ARITHMETIC,  Rudimentary,  for  the  Use  of  Schools  and  Sv.  . 

Instruction.    By  James  Haddon,  M.A.    Revised  by  A.  Arman.    is.  6d. 

137.  A  Key  to  Haddon's  Rudimentary  Arithmetic.    By  A.  Arman.    is.  C(f . 


Tkg  t  indicates  that  these  tols.  may  be  kcul  strongly  bemndat  td.  exttm. 


1,    stationers'  hall  COURT,  LUDGATE   HILL9  S.C. 


WBALB'S  RUDIlfCNTARY   SERIKS. 


liCAthexnatics,  Arithmetic,  etc.,  cantintud. 

c68.  DRAWING  AND  MEASURING  INSTRLMENTS.  Indud- 
taf — I.  Inttmments  emplojrod  in  Goometncal  and  Mechanical  Drawing 
and  in  the  Conttruction,  Copying,  and  Meaturement  of  Maps  and  Plana. 
II.  Instmments  used  for  the  jpoxpoMS  of  Accurate  Measorament.  and  Cor 
Arithmetical  Compatations.    Bt  J.  F.  Hbathbr,  MA.   Illnttarated.    xi.  6d 

169.  OPTICAL  INSTRLMENTS,  Including  (more  enpedaUy)  Tele- 
■copet.  Microscopes,  and  Apparatus  for  prodndnr  copies  ofMaps  and  Plans 
by  Photography.    By  J.  F.  Hkathbr,  M.A.    Illustrated,    is.  6d. 

17a  SURVEYING   AND   ASTRONOMICAL   INSTRUMENTS. 

Incln<Unjs — I.  Instruments  Used  for  Determining  the  Geometrical  Features 

of  a  portion  of  Ground.  II.  Instruments  Employed  in  Astronomical  Obaerra- 

tions.    By  J.  F.  Hbathbr,  MA.    Illustrated,    xs.  6d. 

*•*  T%M  ttbcvt  thrt€  volumes  form  an  emlargtment  ofikg  Autkof't  original  work, 

" Maiktmahcal  in$ttumenU"    (Set  No,  \z  in  the  Series.) 

j^y^MATBEMATICAL  INSIRUMENTS,    By  J.  F.  Heathkr, 

169.  V  MA.  Enlarged  Edition,  for  the  most  part  entirely  re-wntten.  The  3  Parts  as 

170.^  abore,  in  One  thick  Volume.  With  numerous  Illustrations.  4s.  6d.t 

158.  'I HE  SLIDE  RLLE,  AND  HOW  TO  USE  IT;    containing 

full,  easy,  and  simple  Instructions  to  perform  all  Business  Calculations  wiu 

nnezampled  rapi<£tT  and  accuracr.     By  Charus   Hoarb,    C.E.     Sixth 

Edition.    With  a  Slide  Rule  in  tuck  of  cover,    ss.  6d.t 

196.  THEORY  OF  COMPOUND  INTEREST  AND  ANNUI- 
TIES ;  with  Tables  of  Logarithms  for  the  more  DifBcnlt  Conaputations  of 
Interest,  Discount,  Annuities,  8cc.  By  Ff  dor  Thoman.   Fourth  Edition.  4S.t 

199-  THE  COMPENDIOUS  CALCULATOR  ;  or,  Easy  and  Concise 
Methods  of  Portorming  the  various  Arithmetical  Operations  reanired  in 
Commercial  and  Business  Transactions  ;*togcther  witn  Useful  Tables.  By 
D.  O  Gorman.  Twenty-seventh  Edition,  carefiillv  revised  by  C.  Norris. 
ts.  6dMi  cloth  limp ;  3s.  6d.,  strongly  half-bound  in  leather. 

t04.  MA'lHEMAlICAL  >^^Z^6', for Triconometrical,  Astronomical, 
and  Nautical  Calculations ;  to  which  is  prefixed  a  Treatise  on  Logarithms. 
By  Hbnry  Law,  C.E.  Together  with  a  Series  of  Tables  for  Navigation 
and  Nautical  Astronomy.  Bv  Prof.  J.  R.  Young.  New  Edition.  4s. 
t04*.  LOGARITHMS,  With  Mathematical  Tables  for  Trigonometrical, 
Astronomical,  and  Nautical  Calculations.  ByUBNRYLAW,M.Inst.C.£.  New 
and  Revised  Edition.  ( Forming  part  of  the  al>ove  Work).  3s. 

til.  MEASURES,    WEIGHTS,  AND  MONEYS  OF  ALL  NA- 

TIONSt  and  an  Analysis  of  the  Christian,  Hebrew,  and  Mahometan  Calen- 

t  dars.    By  W.  S.  B.  Woolhousb,  F.R.A.S.,  F.S.S.    Seventh  Edition,  ?s.6d.t 

117.  MATHEMATICS  AS   APPLIED    TO    THE   CONSTRUC- 
TIVE ARTS.    Illustrating  the  various  jprocesses  of  Mathematical  Investi- 
Rtion,  by  means  of  Arithmetical  and  dimple  Alfrebraical  Equations  and 
actical  Examples.    Bv  Francis  Campin.  C.E.    Third  Edition.    3S.I 

PHYSICAL    SCIENCE,    NATURAL    PHILO- 
SOPHY,  ETC. 
I.  CHEMISTRY.    By  IVofcssor  George  Fownes,  F.R.S.    With 

an  Appendix  on  the  Application  of  Chemistry  to  Agriculture,    is. 
1.  NATURAL  PHILOSOPHY,  Introduction  to  the  Siudy  oC    By 
C.  ToMLiNSON.    Woodcuts,    xs.  6d. 

6.  MECHANICS,  Rudimentary  Treatise  on.     By  Chaelss  Tok- 

UNSON.     Illustrated,    is.  6d.      | 

7.  ELECTRICITY;  showing  the  General  Principles  of  Electrical 

Science,  and  the  purposes  to  which  it  has  been  appliea.    Bv  Sir  W.  Snow 
Harris,  F.R.S.,  &c.     With  Additions  by  R.  Sabinb,  C.E.,  F.S.A.f  Txs.  6d. 

T.  GAL  VANISM,    By  Sir  W.  Snow  Harris.     New  Edition  by 
RoBBRT  Sabinb,  C.E.,  F.S.A.    zs.  6d. 

8.  MAGNETISM;  being  a  concise  Exposition  of  the  General  Prin- 

ciples of  Magnetical  Science.    By   Sir  W.  Snow  Harris.    New  Edition, 
revised  by  H.  M.  Noad,  Ph.D.    With  165  Woodcuts.    3s.  6d4 

The  t  indicates  that  these  vols,  may  be  had  strongly  hound  at  td.  extru. 
T-ONnON:    CRO.SBV   LOCKWOOP    AND   SON. 
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Physical  Science,  Natural  Philosophy,  etc.,  continued, 

II.  THE  ELECTRIC  TELEGRAPH;  its  History  and  Progress; 
with  Descriptions  of  some  of  the  Apparatus.  By  R.  Sabinb,  C.E.,  F.S.A.   js. 

It.  PNEUMATICS,  including  Acoustics  and  the  Phenomena  of  Wind 
Cnxrents,  for  the  Use  of  Beginners  By  Charlbs  Tomunson,  F.R.S. 
Fourth  Edition,  enlarged.    Illustrated,    is.  6d. 

7«.  MANUAL  OF  THE  MOLLUSCA  ;  a  Treatise  on  Recent  and 
FossU  Shells.  By  Dr.  S.  P.  Woodward.  A.L.S.  Fourth  Edition.  With 
Plates  and  300  Woodcuts.    7s.  6d.,  clotfi. 

96.  ASTRONOMY,    By  the  late  Rev.  Robert  Main,  M.A.    Third 

Edition,  by  Wiluam  Thtnkr  Lynn,  B.A.,  F.R.A.S.    as. 

97.  STATICS  AND  DYNAMICS,  the  Principles  and  Practice  of; 

embracing  also  a  clear  development  of  Hydrostatics,  Hydrodynamics,  and 
Central  Forces.    By  T.  Baksr.  C.E.    Fourth  Edition,    is.  6d. 

173.  PHYSICAL  GEOLOGY,  partly  based  on  Major-General  Port- 

lock's  "  Rudiments  of  Geology.^'  By  Ralph  Tatb,  A.L.S.,  8tc.  Woodcuts,  ss. 

174.  HISTORICAL    GEOLOGY,    parUy    based    on    Major-General 

Portlock's  "  Rudiments."  By  Ralph  Tats,  A.L.S.,  8cc.  Woodcuts,  ss.  6d. 

173  RUDIMENTARY  TREATISE  ON  GEOLOGY,  Physical  and 
8e  Historical.  Partly  based  on  Msiior^General  Portlock's  "Rudiments  of 
174*     Goology."    By  Ralph  Tatb,  A.L.S.,  F.G.S.,  fltc.    In  One  Volume.  48.  6d.| 

183   ANIMAL  PHYSICS,  Handbook  of.    By  Dr.  Lardner,  D.C.L., 
il        formerly  Professor  of  Natural   Philosophy  and  Astronomy  in   University 
1^      College,  Lond.   With  520  Illustrations.    In  One  Vol.    7s.  6a.,  cloth  boards. 
^**  •#•  Sold  also  tn  Iwo  PartSt  as  follows  : — 

183.     Animal  Physics.    By  Dr.  Laronbr.    Part  I„  Chapters  I.— VII.    4s. 
1S4.     Anhial  Physics.    By  Dr.  Lardnbr.    Part  11.,  Chapters  VIII.—XvIII.  31. 

169.  LIGHT:  an  Introduction  to  the  Science  of  Optics,  for  the  Use  of 
Students  of  Architecture,  Engineering,  and  other  Applied  Sciences.  By  E. 
Wyndham  Tarn,  JJLA.    xs.  6d. 


FINE  ARTS- 

10.  PERSPECTIVE  FOR  BEGINNERS.      Adapted    to    Young 
Students  and  Amateurs  in  Architecture,  Painting,  ftc.  By  Gborgb  Ptnb.  ss. 

40    GLASS  STAINING,  AND   THE  ART  OF  PAINTING  ON 
GLASS,    From  the  German  of  Dr.  Gbssbrt  and  Emanubl  Otto  From« 
^  BBRG.    With  an  Appendix  on  Thb  Art  of  Enambluno.    as  6d. 

69.  MUSIC,    A    Rudimentary    and   Practical   Treatise    on.      With 

numerous  Examples.    By  Chablbs  Child  Spbncbr.    as.  6d. 
71.  PIANOFORTE,  The  Art  of  Playing  the.    With  nmnerous  Exer- 
cises 8t  Lessons  from  the  Best  Masters.  By  Charlbs  Child  Spbncbr.   I8.6d. 
h^^l,  MUSIC  (5^  THE  PIANOFORTE,    In  one  vol.   Half  bound,  58. 

181.  PAINTING  POPULARL  Y  EXPLAINED,  including  Fresco, 
Oil,  Mosaic,  Water  Colour,  Water-Glass,  Tempera,  Encaustic.  Miniature. 
Painting  on  Ivory,  Vellum.  Pottery,  Enamel,  Olass.  8tc.  With  Historical 
Sketches  of  the  Progress  ot  the  Art  by  Thomas  John  Guluck,  assisted  by 
JoMN  Timbs,  F.SA.    Sixth  Edition,  reyised  and  ea\axgp^    $».% 

186.  A  GRAMMAR  OF  COLOURING,  apphed  to  Decorative 
Painting  and  the  Arts.  By  Gborob  Fiblo.  New  Edition,  enlarjred  and 
adapted  to  the  Use  of  the  Ornamental  Painter  and  Designer.  By  fitxis  A 
Davidson.    With  two  new  Coloured  Diagrams,  8tc.    3S4 

S46.  A  DICTIONARY  OF  PAINTERS,  AND  HANDBOOK  FOR 

PICTURE  AMATEURS  ;  including  Methods  of  Painting.  Cleaning,  Re- 
lininff  and  Restoring,  Schools  of  Painting,  &c.  With  Notes  on  the  Copyists 
and  Imitators  of  each  Master.    By  Phiuppb  Daryl.    xa.  6d.| 

Tke  X  indteafes  thai  these  vols,  may  ^  had  strongly  bound  at  6d,  extra. 
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INDUSTRIAL   AND    USEFUL  ARTS. 

23.  BRICKS  AND  TILES,  Rudimentary  Treatise  on  the  Manufac* 
tare  of.    By  E.  Dobson,  M.R.I.BA.    Illastnted,  314 

67.  CLOCKS,  WATCHES,  AND  BELLS,  a  Rudimentary  Treatise 

on.    By  Sir  Edmund  Bbckbtt,  LL.D.,  Q.C.  Seventh  Edition,  revised  and  en> 

larged.    4s.  6d.  limp:  5s.  6d.  cloth  boards. 

83»*.  CONST RUCi ION  OF  DOOR  LOCKS,     Compiled  from  the 

Papers  of  A.  C.  Hobbs,  and  Edited  by  Chaklxs  Tomunson.  F.R.S.  ss.  6d. 

Ids.  ThE  BRASS  FOLNDER'S  MANUAL;  Instructions  for 
Modelling,  Pattern -Making,  Moulding,  Turning,  Filing,  Burnishing, 
Bronxing,  &c.   With  copious  ReceipU.  8cc    By  Waltbr  Graham.    ss.| 

105,  THE  AR  i  OF  LE'i  TER  PAINTING  MADE  EASY.  Bv 
J.G.  Badbmoch.  nittstrated  with  z2  full-page  Engravings  of  EzampleB.  xs.6d- 

115.  THE  GOLDSMIIIPS  HANDBOOK,  contSning  full  Instruc- 
tions for  the  Alloying  and  Working  ot  Gold.    By  Gborob  E.  Gbb,    i».X 

fas.  THE    SILIERSMITITS   HANDBOOK,    containing   fuU  In- 
structions for  the  Alloying  and  Working  of  Silver.  By  Gborgb  E.  Gbb.   ts.t 
%*  Tht  two  preceding  Workt,  in  Ont  handsome  Vo*.,  half -bound,  eniitUd  "  Thb 
Goldsmith's  &  Silversmith's  Complbtb  Handbook,'*  7^ . 

149.  THE  HALLMARKING  OF  yEHTELLERY  PRACTICALLY 

CONSIDERED.    By  Gborob  E.  Gbb.    ts.t 
124.  COACH   BUILDING,    A    Practical    Treatise,    Historical    and 
Descriptive.    By  J.  W.  Burgbss.    >s.  6d.t 

235.  PRACTICAL  ORGAN  BUILDING,     By  W.   E.   Dickson, 

M^.,  Precentor  of  Ely  Cathedral.    Illustrated,    ss.  6d.t 
162.  THE    ART    OF  BOOT  AND   SHOEMAKING,    By  JOHH 

Bedford  Lbno.    Numerous  Illustrations.    Third  Edition,    ss. 
263.  MECHANICAL   DENTISTRY:  A  Practical  Treatise' on  the 

Construction  of  the  Various  Kinds  of  Artificial  Dentures,  with  FonniilaB, 

Tables,  Receipts,  8tc.    By  Charles  Hunter.    Third  Edition,    js.t 
270.   WOOD  ENGRA  VING :  A  Practical  and  Easy  Introduction  to 

the  Study  of  the  Art.     By  W.  N.  Browk.     is.  6d. 

MISCELLANEOUS    VOLUMES. 

16.  A  DICTIONARY  OF  TERMS  used  in  ARCHITECTURE, 
BUILDING,  ENGINEERING,  MiNlNG,  METALLURGY,  ARCHM- 
OLOG\,  ike  FINE  ARTS,  fs^,  ByToHNWBALB.  Sixth  Edition.  Revised 
by  Robert  Hunt,  F.R.S.    Illustrated.    5s.  limp ;  6s.  cloth  boards. 
50.  LABOUR  CONTRACTS.    A  Popular  Handbook  on  the  Law  of 
Contracts  for  Works  and  .Services.    By  David  Gibbons.    Fourth  Edition, 
Revised,  with  Appendix  of  Statutes  by  T.  F.  Utilby,  Solicitor,  3s.  6d.  cloth. 
112.  MANUAL  OF  DOMES iIC  MEDiCINE.    By  R.   GoODlHO, 
B.A.,  M.D.    A  Family  Guide  in  all  Cases  of  Accident  and  Emergency     as. 
112*.  MANAGEMENT  OF  HEALTH.     A  Manual  oi  Home  and 
Personal  Hygiene.    By  the  Rev.  Jambs  Baird,  B  JL.    is. 

150.  LOGIC,  Pure  and  Applied.     By  S.  H.  EiCMENS.      is.  6d. 

153.  SELECTIONS    FROM    LOCKERS    ESSAYS    ON     THE 

HUMAN   UNDERSTANDING.    With  Notes  by  S.  H.  Emmbms.    is.  6d. 

154.  GENERAL  HINTS  TO  EMIGRANTS.    2s. 

157.  THE  EMIGRANTS  GUIDE  TO  NATAL.   By  R.  Mann.    2s. 

193.  HANDBOOK     OF   FiELD   FORTIFICATION.     By  Miqor 

W.  W.  Knollys,  F.R.G.S.    With  xeiWoodcuts.    %%.% 

194.  THE  HOLSE  MANAGER:  Being  a  Gmde  to  Housekee^ng. 

Practical    Cookery,   Pickling    and    Preserving,   Household  Work,  Dairy 
Management,  8ic.    By  Am  Old  Housbkbbpbr.    js.  6d.t 

i94»  HOUSE  BOOK  {The).  Comprising :— I.  The  House  Manaoke. 

1 12  &    Bv  an  Old  Housbkbbpbr.    II.  Domestic  Mbdionb.    Bv  R.  Gooonto,  MJ>. 
112*.    ^^1*  Managbmbnt  of  Health.    By  J.  Baird.    In  One  Vol.,  half-bonnd,  6a. 

The  %  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d.  extra, 
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EDUCATIONAL  AND   CLASSICAL  SERIES. 

HISTORY. 

I.  England,  Outlines  of  the  History  of;  more  especially  with 

reference  to  the  Origin  and  Prosress  of  toe  Engrlish  Constitution.  By 
Wblliam  Douglas  Hamilton,  F.S.A..  of  Her  Majesty's  Public  Record 
OxDce.    4th  Edition,  revised.    5s. ;  cloth  boards,  6s. 

5.  Greece,  Outlines  of  the  History  of;  in  coxmection  with  the 

Rise  of  the  Arts  and  Civilization  in  Europe.    By  W.  Douglas  Hamilton 
of  University  College,   London,  and  Edward  Lbvibn,  MJL,,  of  Ballioi 
College,  Oxford,    ss.  6d. ;  cloth  boards,  3s.  6d. 

7.  Rome,  Outlines  of  the  History  of:  from  the  Earliest  PerioO 

to  the  Christian  Era  and  the  Commencement  of  the  Decline  of  the  Empire 
By  Edward  Lbvibn,  of  Balliol  College,  Oxford.  Map,  as.  6d. ;  cl.  bds.  3s.  6d. 

9.  Chronology  of  History,  Art,  Literature,  and  Progress, 

from  the  Creation  of  the  World  to  the  Present  Time.  The  Continuation  by 
W.  D.  Hamilton,  F.SJ\..    3s. ;  cloth  boards,  3s.  6d. 


ENGLISH  LANGUAGE  AND  MISCELLANEOUS. 

II.  Grammar  of  the   KngUsh  Tongue,  Spoken  and  Written 

With  an  Introduction  to  the  Study  of  Comparative  Philology.    By  HYDf 
Clarkr,  D.C.L.    Fifth  Edition,    xs.  6d. 

IS.  Dictionary  of  the  Kngllsh    Language,  as  Spoken  and 

Written.     Containing  above  100,000  Words.    By  Hydb  Clarkb,  D.C.L. 
3s.  6d. ;  cloth  boards,  4s.  6d. ;  complete  with  the  Grammar,  cloth  bdi.,  5s.  6d. 

48.  Composition    and   Punctuation,   familiarly  Explained   fot 

.those  who  have  neglected  the  Study  of  Grammar.    By  Justin  Brbnan. 
'  x8th  Edition,    xs.  6d. 

49.  Derivative  SpelUng-Book;  Giving  the  Origin  of  Every  Word 

from  the  Greek,  Latin,  Saxon,  German,  Teutonic,  Dutch,  French,  Spanish, 
and  other  Languages ;  with  their  present  Acceptation  and  Pronunciation 
'By  J.  RowBOTHAM,  F.R.A.S.    Improved  Edition,    xs.  6d. 

51.  The  Art  of  Extempore  Speaking:  Hints  for  the  Pulpit,  the 

Senate,  and  the  Bar.    By  M.  Bautain,  Vicar-General  and  Professor  at  the 
Sorbonne.  Translated  from  the  French.  8th  Edition,  carefully  corrected,  as.  6d. 

53,  places  and  Facts  In  Political  and  Physical  Geography, 

for  Candidates  in  Examinations.    By  the  Rev.  Edgar  Rand,  B.A.    zs. 

54.  Analytical  Chemistry,  Qualitative  and  Quantitative,  a  Course 

of.    To  which  is  prefixed,  a  BriefTreatise  upon  Modem  Chemical  Nomencla- 
ture  and  Notation.    By  Wm.  W.  Pink  and  Gborgb  E.  Wbbstbr.    bs. 

THE    SCHOOL    MANAGERS'    SERIES   OF  READING 

BOOKS, 

Edited  by  the  Rev.  A.  R.  Grant,  Rector  of  Hitcham,  and  Honorary  Canon  of  Ely : 

formerly  H.M.  Inspector  of  Schools. 

Introductory  Primbr,  yl.  ^ 

s,  d. 

First  Standard     .       .06 


Sbcond      „  .       .    o  10 

Third  .       .    z    o 


t,  a. 
Fourth  Standard  .  ..it 
Fifth  '  „  .  .  .  •  i  6 
Sixth  ,,.•••    i      6 

Lkssons  from  thb  Biblb.    Part  I.    Old  Testament,    zs. 

Lbssons  from  thb  Biblb.     Part  II.     New  Testament^  to  which  Is  added 

Thb  Gbography  of  thb  Biblb,  for  very  young  Children.    By  Rev.  C. 

Thornton  Forstbr.     is.  ad.    •«•  Or  the  Two  Parts  in  One  Volume.  %%. 
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FRENCH. 

24.  French  Grammar.    With  Complete  and  Concise  Rules  on  *ht 

Genders  of  French  NoiiBS.w<By  G/  L.  SntAUSS,  Ph  J>.    zs.  6d. 

25.  French-English  Dictionary.    Comprising  a  large  iwwwM-  of 

New  Terms  used  in  Engineering,  Mining,  ftc.    By  Alfrbd  Slwss.    is.  6d. 

26.  English-French  Dictionary.    BvAlfesd  Slwxs.    xs. 
i5»26.  French  Dictionary  (as  above).    Complete,  in  Chie  VoL,  is.; 

doth  boards,  3s.  6d.    *«*  Or  with  the  Grammar,  cloth  boards,  4s.  6d. 

47.  French   and    English  Phrase   Book  3    containing  Jatith 

ductory  Lessons,  with  Translations,  several  Vocabnlaries^of  WocJ^  a  Col* 
lection  of  snitable  Phrases,  and  Easy  Familiar  Dialogues,    zs.  6d. 

GERMAN. 

39.  German  Grammar.      Adapted  *for  Eng^Ush    Stndents,  tarn 

Heyse's  Theoretical  and  Practical  urammar,  by  Dr.  G.  L.  Strauss,    zt.  6d. 

40.  German  Reader :  A  Series  of  Extracts,  careAiUy  culled  from  the 

most  approved  Authors  of  Germanv;  with  Notes,  Philological  ^■Mi  Si- 
planatory.    By  G.  L.  Strauss,  Ph.D.    zs. 

41-43.  German  Triglot  Dictionary.     By  N.  £.  S.  A.  lTAmrxTTv>|t, 

In  Three  Parts.    Part  I.  German-French-Enidtsh.     Part  II.  SngUsh-Gw- 
man-French.    Part  III.  French-G«man-Engiish.     3s.,  or  doA  boards,  4a 

J  I -43  German  Triglot  Dictionary  (as  above),  together  with  Gennaa 
;  39.     Grammar  (No.  39),  in'One  Volume,  cloth  boards,  5s. 

ITALIAN. 

27.  Italian  Grammar,  anranged  in  Twenty  Lessons,  with  a  Comse 

of  Exercises.    By  Alfrbd  Elwrs.    is.  6d. 

28.  Italian  Triglot  Dictionary,  wherein  the  Genders  of  all  the 

Italian  and  French  Nouns  are  carefully  noted  down.  By  Alfrbd  Slwis> 
Vol.  X.  Italian-English-French,    ss.  6d. 

30.  Italian    Triglot    Dictionary.      By  A  Elwks.      Voi  s. 

English-French-Italian.    ss.  6d. 

32.  Italian  Triglot  Dictionary.     By  Alfred  Elwks.    Voi  3. 

French-Italian-English.    ss.  6d. 

28,30,  Italian  Triglot  Dictionary  (as  above).    In  One  VoL,  7s.  6d. 

3s.      CIo  h  boards. 

SPANISH  AND  PORTUGUESE. 

34.  Spanish  Grammar,  in  a  Simple  and  Practical  Form,    "^^th 

a  Course  of  Exercises.    By  Alfred  Elwbs.    is.  6d. 

35.  Spanish-English   and    English-Spanlsb     Dictionary. 

Including  a  large  number  of  Technical  Terms  nsed  in  Mininip,  Engineering,  ftc 
with  the  proper  Accents  and  the  Gender  of  every  Noun.  By  Auratao  Elwm 
4s. ;  cloth  boards,  5s.    %*..Or  with  the  Grammar,  cloth  boards,  6s. 

55.  Portuguese   Grammar,  in    a.  Simple  and  Practical   Fonn. 

With  a  Course  of  Exercises.    By  Alfred  Elwrs.    is.  6d. 

56.  Portuguese-English    and    English-Portuguese    Di^ 

tionary.  Including  a  large  number  of  Technical  Terms  used  in  Mining, 
Engineering,  &c.,  with  the  proper  Accents  and  the  Gender  of  every  Noon. 
By  Alfrbd  Elwbs.  Third  Edition,  Revised,  s», ;  cloth  boards,  6s.  %•  Of 
with  the  Grammar,  cloth  boards,  7s. 

HEBREW. 

46».  Hebrew  Grammar.    By  Dr.  B&esslau.     is.  6d. 
44.  Hebrew  and  English  Dictionary,  Biblical  and  Rabbinical; 

conUining  the  Hebrew  and  Chaldee  Roots  of  the  Old  Testament  Poit- 
Rabbinical  Writings.  By  Dr.  Brbsslau.  6s. 

46.  English  and  Hebrew  Dictionary.    By  Dr.  Brbsslau.    ^ 
44,46.  Hebrew  Dictionary  (as  above),  in  Two  Vols.,  complete,  with 

«6*.      the  Grammar,  cloth  boards,  xss. 
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LATIN. 

19.  Latin  Grammar.    Containing  the  Inflections  and  Elementaiy 

Principles  of  Translation  and  Construction.    By  the  Rev.  Thobias  GoODWIirt 
M.A.,  Head  Master  of  the  Greenwich  Proprietary  School,    is.  6d. 

JO.  Latin-English  Dictionary.  By  the  Rev.  Thomas  GroODWiHy 

M.A.    2s. 

aa.  Bnglish-Latin   Dictionary;   together  with  an  Appendix  of 

French  and  Italian  Words  which  have  their  origin  from  the  Latin.     By  the 
Rev.  Thomas  Goodwin,  M.A.    xs.  6d. 
to,22.  Latin  Dictionary  (as  above).    Complete  in  One  Vol.,  3s.  6d. 
cloth  boards,  4s.  6d.    %*  Or  with  the  Grammar,  cloth  boards,  58.  6d. 
LATIN  CLASSICS.    With  Explanatory  Notes  in  English. 

1.  Latin  Delectus.    Containing  Extracts  from  Classical  AuthoiBj 

with  Genealogrical  Vocabularies  and  Explanatory  Notes,  by  H.  Young,  is.  6d: 

2.  Gaesaris  Commentarii  de  Bello  Gallico.  Notes,  and  a  Geographical 

Register  for  the  Use  of  Schools,  by  H.  Young,    as. 

3.  Cornelius  N  epos.    With  Notes,    By  H.  Youno,    is. 

4.  Virgilii  Maronis  Bucolica  et  Georgica.  With  Notes  on  the  Buco- 

lics by  W.  RusHTON,  M.A.,  and  on  the  Georgics  by  H.  Young,    za.  6d« 

5.  VirgiUi  Maronis  Mneis.    With  Notes,  Critical  and  Explanatory, 

bj  H.  Young.  New  Edition,  revised  and  improved  With  copious  Adm- 
tional  Notes  by  Rev.  T.  H.  L.  Lbarv,  D.C.L.,  formerly  Scholar  of  BrasenoM 
College,  Oxford.    3s. 

5* Part  I.    Books  i.— vi.,  is.  6d. 

5      -^^-—  Part  2.    Books  vii,— xii.,  as. 

6.  Horace;   Odes,  Epode,  and  Carmen' Saeculare.     Notes  by  H. 

Young,    is.  6d. 

7.  Horace ;  Satires,  Epistles,  and  ArsPoetica.  Notes  by  W.  B&OWN- 

RiOG  Smith,  M.A.,  F.R.G.S.    is.  6d. 

8.  Sallustii  Crispi  Catalina  et  Bellum  Jugurthinum.   Notes,  Critical 

and  Explanatory,  by  W.  M.  Donns,  B  Jl.,  Trin.  Coll.,  Cam.    xa.  6d. 

9.  Terentii  Andria  et  Heautontimorumenos.    With  Notes,  Critical 

and  Explanatory,  by  the  Rev.  Jambs  Davibs,  M.A.    is.  6d. 

10.  Terentii  Adelphi,  Hecyra,  Phormio.   Edited,  with  Notes,  Critical 

and  Explanatory,  by  the  Rev.  Jambs  Davibs,  M.A.    as. 

11.  Terentii  Eunuchus,  Comoedia.    Notes,  by  Rev.  J.  DAVncs,  M.A. 

IS.  6d. 

12.  Ciceronis  Oratio  pro  Sexto  Roscio  Amerino.    Edited,  with  an 

Introduction,  Analysis,  and  Notes,  Explanatory  and  Critical,  by  the  Rev. 
Jambs  Davibs,  M.A.    is.  6d. 

13.  Ciceronis    Orationes    in    Catilinam,   Verrem,   et    pro    Archia. 

With  Introduction,  Analysis,  and  Notes,  Explanatory  and  Critical,  bv  Rev. 
T.  H.  L.  Lbarv,  D.C.L.  formerly  Scholar  of  Brasenose  College,  Oxford. 
IS.  6d.  .         ,     r,  , 

14.  Ciceronis  Cato  Major,  Lalius,  Brutus,  sive  de  Senectute,  de  Aml- 

citia,  de  Claris  Oratoribus  Dialogi.    With  Notes  by  W.  Brownrigo  Smitb 

M.A.,  F.R.G.S.    2s. 
16.  Livy ;  History  of  Rome.  Notes  by  H.  YouNO  and  W.  B.  Smith, 

MJl.    Part  I.    Books  i.,  ii.,  is.  6d. 
16*.  — — —  Part  2.    Books  iii.,  iv.,  v.,  is.  6d, 
17. Part  3.    Books  xxi.,  xxii.,  is.  6d. 

19.  Latin  Verse  Selections,  from  Catullus,  Tibullus,  Propertiai, 

and  Ovid.  Notes  by  W.  B.  Donnb,  M.A.,  Trinity  College,  Cainbridg«.    bb. 

20.  Latin  Prose   Selections,  from  Varro,  Columella,  Vitruvins, 

Seneca,  Quintilian,  Florus,  Velleius  Patercnlus,  Valerius  MaziBUB  Sueto- 
nius, Apuleius,  &c.    Notes  by  W.  B.  Donnb,  M.A.    as. 

M.  Juvenalis  Satirse.    With  Prolegomena  and  Notes  by  T.  H.  S. 
EscoTT,  B.A-,  Lrcturer  on  Logic  at  King's  College,  London,    xt. 
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GRBRiC. 

14.  Greek  Grammar,  in  accordance  with  the  Princioles  and  Philo- 
logical Rrscjurchea  of  the  moat  eminent  SchoUn  of  our  own  day.  By  Hams 
Claddk  Hamilton.    la.  6d. 

>S»I7*  Cri^ool^  Lexicon.  Containing  all  the  Words  in  General  Use,  with 
their  Sifniificationa,  InBectiona,  and  Doubtful  Quantitiea.  By  Hknrt  R. 
Hamilton.  Vol.  x.  Greel  -Eugliah,  aa.  6d. ;  Vol.  a.  Engliah-Greok,  aa.  Or 
the  Two  Vola.  in  One,  4a.  od. :  cloth  boarda,  5a. 

14,15.  Greek  Lexicon  (as  above).    Complete,  with  the  GRAMMAR,  in 

17.  One  Vol.,  cloth  boarda,  6a. 

GREEK  CLASSICS.     With  Explanatory  Notes  in  English. 

I.  Greek  Delectus.  Containing  Extracts  from  Classical  Authors, 
with  Genealogical  Vocabulariea  and  Explanatory  Notea,  by  H.  Youno.  New 
Edition,  with  an  improved  and  enlarged  Supplementary  Vocabulary,  by  Johm 
Hutchison,  M.A.,  of  the  High  School,  Glasgow,    is.  6d. 

fly  3.  Xenophon's  Anabasis ;  or,  The  Retreat  of  the  Ten  Thousand. 

Notea  and  a  Geographical  Kegiater,  by  H.  Youno.    Part  x.  Books  i.  to  iii., 
xa.    Part  a.  Booiu  iv.  to  vii.,  xa. 

4*  Lucian's  Select  Dialogues.    The  Text  carefullv  revised,  with 

Grammatical  and  Explanatory  Notea,  by  H.  Young,    xa.  6d. 

5*Ifl.  Homer,  The  Works  of.    According  to  the  Text  of  Bakumlkin. 

With  Notes,  Critical  and  Explanatory,    drawn  from  the  beat  and  latest 

Authoritiea,  with  Preliminary  Obaervationa  and  Appendicea,  by  T.  H.  L. 

Lbary,  M.A.,  D.C.L. 

Tin  luAO  :         Part  x.  Booka  i.  to  vi.^  xs.6d.        Part  j.  Booka  xiii.  to  zviii.,  xa.  6d 

Part  a.  Booka  vii.  to  xii.,  xa.  6d.       Part  4.  Booka  xix.  to  xxiv.,  xa.  6d. 

TkB  Odtssbt:  Part  i.   Books  i.  to  vi.,  xa.  6d         Part  3.  Booka  xiii.  to  zviii.,  xa.  6d. 

Part  a.  Booka  vii.  to  xii.,  is.  6d.       Part  4.  Books  xix.  to  xxiv.,  and 

Hymna,  aa. 
13.  Plato's  Dialogues :  The  Apology  of  Socrates,  the  Crito,  and 
the  Ph«do.  From  the  Text  ox  C.  F.  Hermann.  Edited  with  Notes.  Critical 
and  Explanatory,  by  the  Rev.  Jambs  Davibs,  M.A.  as. 
14.17.  Herodotus,  The  History  of,  chiefly  after  the  Text  of  Gatsford. 
With  Preliminary  Obaervations  and  Appendices,  and  Notes,  Critical  and 
Explanatory,  bv  T.  H.  L.  Lbary.  M.A.,  D.C.L. 

Part  X.    Hooks  i..  ii.  (The  Clio  and  Euteme),  as. 

Part  a.    Books  iii.,  iv.  (The  Thalia  and  Alelpomene),  za. 

Part  3.    Books  v. -vii.  (The  Terpsichore,  Erato,  and  Polymnia),  as. 

Part  4.    Books  viii.,  ix.  (The  Urania  and  Calliope)  and  Index,  xs.  6d. 

18.  Sophocles :  OEdipus  Tyriannus.    Notes  by  H.  Young,     is. 

to.  Sophocles:  Antigone.  From  the  Text  of  DrNDORF.  Notes, 
Critical  and  Explanatory,  by  the  Rev.  John  Milnbr,  B.A.    sa. 

fl3.  Kuripides :  Hecuba  and  Medea.  Chiefly  from  the  Text  of  Dm- 
DORF.  With  Notes,  Critical  and  Explanatory,  by  W.  Brownrigo  Smitb, 
M.A.,  F.K.G.S.    xa.  6d. 

16,  Euripides:  AJcestis.  Chiefly  from  the  Text  of  Dindorf.  With 
Notea,  Critical  and  Explanatory,  by 'John  Milnbr,  B.A.    xa.  6d. 

3a  ^schylus ;  Prometheus  Vmctus  :  The  Prometheus  Bound.  From 
the  Text  of  Dindorf.  Edited,  with  Engliah  Notea,  Critical  and  Explanatory, 
by  the  Rev.  Jambs  Davibs,  M.A.    xa. 

33.  .i£schylus :  Septem  Contra  Thebes :  The  Seven  against  Thebes. 
From  the  Text  of  Dindorf.  Edited,  with  Engliah  Notea,  Critical  and  Ex- 
planatory, by  the  Rev.  Jambs  Davibs,  MA.    xs. 

40.  Aristophanes :   Achamians.     Chiefly  from  the  Text  of  C.  H 

Wbisb.    With  Notes,  by  C.  S.  T.  Townshbnd,  MA.    xs.  6d. 

41.  Thucydldes :  History  of  the  Peloponnesian  War.    Notes  by  H. 

Youno.    Book  x.    xs.  6d. 

42.  Xenophon's  Panegyric  on  Agesilaus.  Notes  and  Intro- 
duction by  Ll.  F.  W.Jbwitt.    xs.  6d.  .     ^.  ,. 

43.  Demosthenes.  The  Oration  on  the  Crown  and  the  Philippics. 
With  English  Notes.  By  Rev.  T.  H.  L.  Lbary,  D.C.L.,  formerly  Scholar  of 
Brasenose  College,  Oxford,    xa.  6d. 
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